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Abstract 
Although on-site cryopreservation of aquatic species sperm in nitrogen-vapor shipping 
dewars has been used for more than 30 yr, many limitations remain. Due to the size of shipping 
dewars, most studies are small scale and can only produce tens of samples. The freezing 
temperatures that can be achieved are also affected by the size of the dewar and the number of 
samples being frozen due to the heat load. In addition, often due to timing or remote location 
these samples cannot be shipped, and if they are shipped, quality can be lost and the samples 
must be discarded. The goal of this thesis was to create a mobile aquatic cryopreservation 
laboratory that could operate at research and commercial-scale capacities and, could function 
under multiple scenarios in different on-site environments with a high level of quality control. 
There were three operational designs identified for the mobile laboratory: 1) self-contained work 
inside the unit using generator power; 2) work inside the unit using external facilities power; 3) 
using the equipment inside a host facility. Computer-aided design software was used to model a 
3.8 m long trailer and various internal components to evaluate different configurations. From the 
final design, the layout inside the mobile laboratory was constructed and initially tested at the 
LSUAC Aquatic Germplasm and Genetic Resource Center. This demonstrated that the portable 
generator provided sufficient power for simultaneous use of all equipment. The capitol and 
variable costs were documented of construction and integration of the mobile laboratory into an 
existing cryopreservation facility at different levels of automation. This led to blueprints and 
layout information that can provide guidance for others to build their own units. Finally, the 
mobile laboratory was deployed into the field to cryopreserve sperm from Blue Catfish, 
Xiphophorus spp., and Red Snapper. This resulted in processing of 684 males and 6,838 French 
straw being produced. This work provides a general approach for high-throughput on-site 
xi 
 
cryopreservation of aquatic species for repository development and user group linkage. 
Germplasm repositories would allow the reconstitution of species or populations, and linking 
users could help remove standardization and quality control bottlenecks. 
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Chapter 1 
Thesis Overview 
More than 65 years ago, it was discovered by Polge (1949) that glycerol could be used as 
a cryoprotectant for freezing fowl sperm. Four years later, Blaxter (1953) reported the first 
successful cryopreservation of fish sperm. Since 1953, there have been more than 300 published 
studies on at least 200 species (Tiersch et al. 2007, Gwo 2011). Most of these studies are only 
focused on research scale protocol development for cryopreservation (Torres et al. 2016).   
Mobile laboratories have been utilized for over 40 years to aid in scientific research such 
as pollution monitoring (Berk et al. 1978), infectious disease support (Inglis 2013, Canier et al. 
2013), water microbiology assessment (Maheux et al. 2016), and response of fishes to 
temperature changes (Cherry et al. 1974). These reported laboratories include fully mobile 
facilities (fully enclosed structure capable of being transported to location), temporary visiting 
installment (setting up a temporary laboratory inside an existing on-site facility) and field 
operation (use of equipment in the field without a structure or facility). To date, only field 
operations have been reported for the on-site cryopreservation of aquatic species (Carolsfeld et 
al. 2003, Gwo 1994, Harvey 2011). The World Fisheries Trust (WFT) was one of the biggest 
organizations that used field cryopreservation as a tool for the conservation of wild fish stocks 
(Harvey et al. 1998). Operating from 1990 to 2006, their main efforts were creating gene banks 
for the anadromous fish in Canada and migratory species in South America. Using a field kit, 
they could stay on-site collecting and freezing samples in shipping dewars for as long as 2 
weeks. At that time collecting in the field lacked the quality control of working in a main facility 
and using sophisticated equipment in the field was deemed impossible (Harvey et al. 1998).  
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Rather than studying how refrigeration, cryoprotectants, equilibration time, and cooling 
rates affect the spermatozoa of certain species in a laboratory, herein a platform was developed 
to help bring cryopreservation and specialized equipment out into the field. This thesis provides 
a general approach to the on-site cryopreservation of aquatic species using a mobile laboratory 
with high-throughput and quality control capability. The research objectives were to: 1) develop 
a self-contained mobile laboratory for on-site cryopreservation of aquatic species, and 2) deploy 
the mobile laboratory into the field to work with various user groups.   
This thesis was separated into 5 chapters. Chapter 1 provides context to this thesis and 
described the information found in each chapter. Chapter 2 provides the background of 
cryopreservation and reviewed the current methods and equipment used at each step. Chapter 3 
presents the process of creating a self-contained mobile laboratory housed in an enclosed trailer. 
This chapter identifies 3 on-site operational setups the mobile laboratory could address (visiting 
an existing facility, use of the mobile facility with on-site power, and use of the mobile facility 
with generator power) and creates a systematic approach to choosing the most appropriate option 
of deployment. Chapter 3 also explains the capital cost of constructing a mobile laboratory at 
different levels of automation and the estimated total cost per trip based on hypothetical 
assumptions. Blueprints and layout information were provided as a guide for others to build their 
own mobile laboratory. Chapter 4 demonstrates the on-site cryopreservation ability of the mobile 
laboratory and identifies the potential challenges. Chapter 5 presents the summary of the thesis.  
The results of this project represented collaborative efforts among universities and 
institutions including the Aquatic Germplasm and Resources Center (AGGRC) of the Louisiana 
State University Agricultural Center in Baton Rouge Louisiana; the US Department of 
Agriculture (USDA)-Agricultural Research Service (ARS) Catfish Genetics Research Unit, 
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Stoneville, Mississippi; the Louisiana State University Marine Consortium (LUMCON), 
Chauvin, Louisiana, and the Xiphophorus Genetic Stock Center (XGSC) at Texas State 
University, San Marcos, Texas. Over the course of this project, the mobile laboratory traveled 
more than a combined 4,000 miles collecting germplasm from more than 600 male fishes. These 
included freshwater and saltwater species, and from these males more than 6,500 French straws 
were produced. 
 The research results from this project have been presented in a trade journal article and at 
several scientific meetings (Table 1.1). It is anticipated that chapters three and four will be 
submitted for publication in peer-review journals. For consistency, the format of the Journal of 
the World Aquaculture Society, with specific modifications to meet Louisiana State University 
dissertation format and style, were used to prepare this thesis. The common names of fishes are 
capitalized as the result of recent changes (Page et al. 2013).
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Table 1.1. Oral presentations and published abstracts at meetings of the Louisiana Chapter of the American Fisheries Society (LA-
AFS), the Gulf Coast Conservation Biology Symposium (GCCBS), the World Aquaculture Society (WAS), and the Joint Meeting of 
Herpetologists and Ichthyologists based on thesis research. 
Year Title Conference Location  
2015 Development of a self-contained mobile aquatic cryopreservation laboratory LA-AFS Baton Rouge, LA 
2015 Remote cryopreservation: Bringing technology to the fish to protect genetic resources  GCCBS New Orleans, LA 
2016 Field testing of a high-throughput mobile cryopreservation laboratory for aquatic species  WAS Las Vegas, NV 
2016 Cryopreservation process simulation of aquatic species: is the juice worth the squeeze LA-AFS Baton Rouge, LA 
2016 Conservation of Aquatic Species: On-site Cryopreservation from a Mobile Laboratory  JMIH New Orleans, LA 
2017 Simulation modeling of the cryopreservation of Xiphophorus germplasm WAS San Antonio, TX 
2017 Three-dimensional printing: what is all the fuss about? LA-AFS Thibodaux, LA 
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Chapter 2 
Introduction 
Fishes account for half of all living vertebrate species with the ray-finned fishes being the 
largest vertebrate group in terms of number of species (Near et al. 2012). Of the estimated total 
33,200 finfish species currently identified, 15,082 are freshwater, 15,072 are marine, and 3,069 
are brackish or diadromous (www.fishbase.org, accessed 13 December 2016). Cryopreservation 
of genetic material has become an important tool for user groups in imperiled fishes (Paiva et al. 
2016), wild fisheries (Riley et al. 2004), aquaculture (Hu et al. 2011), and biomedical research 
(Mazur et al. 2008). A growing challenge within aquatic cryopreservation is biodiversity 
(Asturiano et al. 2016). 
Hybrid catfish (crossing of Channel Catfish females and Blue Catfish males) are 
produced by artificial fertilization because natural hybridization rarely occurs between these two 
species due to different spawning behaviors and peak spawning times (Dunham and Masser 
2012). Sperm cryopreservation gives the ability to have Blue Catfish sperm on hand when 
Channel Catfish females are ready to spawn. Providing sperm on demand year round can also 
reducing the need for maintenance of male broodstock, thus freeing resources for use with 
females and offspring (Tiersch et al. 2007).  Aquaculture breeders can also freeze selected strains 
or high performing males to support genetic improvement programs (Asturiano et al. 2016). The 
use of genetic manipulation (i.e., hybridization, selective breeding, and polyploidy) has been 
growing in popularity due to increases in animal performance (Hulata 2001). This also includes 
the use of gene transfer to produce growth hormones to increase growth and feed conversion 
efficiency, antifreeze proteins to improve cold tolerance and freeze resistance, and antimicrobial 
peptides to increase disease resistance (Rasmussen and Morrissey 2007).  
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Cryopreservation of Medaka (Oryzias latipes), Zebrafish (Danio rerio), and fishes of the 
genus Xiphophorus in the biomedical research fish community has become an increasingly 
important capability. These fishes are small, easily handled, and have similar mutagenesis and 
carcinogenesis processes to those of rodent models and potentially humans (Hawkins et al. 
2003). Their diverse breeding strategies, short life cycles, and large numbers of offspring are 
ideal for genetic studies (Hawkins et al. 2003, Taniguchi et al. 2006). New transgenic, inbred, 
mutant, and knockout line and strains are developed each year at resource centers such as the 
Xiphophorus Genetic Stock Center (Texas State University, San Marcos, TX) and Zebrafish 
International Resource Center (University of Oregon, Eugene, OR)(Martínez-Páramo et al. 
2017). These centers hold thousands of important lines or mutants creating a need to preserve 
these valuable genetic resources (Yang and Tiersch 2009b, Mazur et al. 2008).  
Pollution, climate change, invasive species, and habitat destruction continue to cause 
problems for fishery populations (Powles et al. 2000). To date, there are 2,044 ray-finned species 
that are in some way threatened or extinct in the wild according to the International Union for 
Conservation of Nature and Natural Resources (www.iucnredlist.org, accessed 29 December 
2016). Gene bank programs hold animal genetic resources and have increased in number over 
the past 20 yr (Paiva et al. 2016). These gene banks or cryobanks can house thousands of 
samples from different generations in a small space without the risk of loss from diseases or 
other uncontrollable factors (Martínez-Páramo et al. 2009). Preserving the germplasm of these 
species can help prevent genetic drift, preserve species diversity, and provide an opportunity to 
maintain breeding colonies (Guan et al. 2008).   
There is not a standard sperm cryopreservation protocol for all species nor a “perfect” 
protocol for each individual species. The specifics of sample collection, osmolality of extender, 
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cell concentration, cryoprotectant, equilibration time, container size, cooling rate, and thawing 
rate all need to be balanced with each other. Optimizing or simply improving protocols while 
working on-site further complicates the situation, especially when addressing the needs of a 
broad range of host locations and species. Accordingly, three composite groupings of fishes 
based on user group, size, habitat, reproductive mode, relation between sperm activation and 
osmolality, and sample collection method were chosen to develop and evaluate this project to 
represent the diversity of user groups the mobile laboratory would work with in the field (Table 
2.1). The goals of this introductory chapter are to provide a background on cryopreservation in 
general and to review the methods and equipment used at each cryopreservation step that would 
need to be incorporated into the mobile laboratory (Figure 2.1).  
Equilibrium and Non-equilibrium Cryopreservation 
Cryopreservation is the process of maintaining the viability of cells and tissue for years or 
centuries at cryogenic temperatures. There are two common cryopreservation procedures that can 
be applied: slow equilibrium freezing (conventional) and rapid non-equilibrium vitrification 
(Figure 2.2). During slow equilibrium freezing, cellular dehydration occurs during cooling and 
intracellular ice crystals are limited. During non-equilibrium vitrification, cellular dehydration 
occurs before cooling and the formation of intracellular ice crystals is avoided  
Table 2.1. Comparison of user groups, relative body size, habitat, reproductive mode, sperm 
activation model, and collection method for the model species used in this thesis. 
Scientific 
name 
User group 
Relative 
size 
Habitat 
Reproductive 
mode 
Sperm 
activation 
Collection 
method 
Ictalurus 
furcatus 
Aquaculture 
Large 
bodied 
Freshwater External Hypotonic Dissection 
Lutjanus 
campechanus 
Wild 
fisheries 
Large 
bodied 
Saltwater External Hypertonic 
Dissection
/Stripping 
Xiphophorus 
spp. 
Biomedical 
/Imperiled 
Small 
bodied 
Freshwater Internal Isotonic 
Dissection
/Stripping 
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Figure 2.1. Overview of the sperm cryopreservation process. Motility estimation points are 
indicated on the left, and the flow cytometry assessment points are shown on the right. Each step 
lists the various methods and equipment that can be used for the process. For sperm activation, 
hypotonic is the lowering of osmotic pressure, isotonic is keeping the osmotic pressure the same, 
and hypertonic is the increase of osmotic pressure. Abbreviations: CASA, computer-assisted 
sperm analysis; PI, propidium iodine; ARD, amine reactive dye. 
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Figure 2.2. A) During conventional equilibrium freezing, cryoprotectants and “slow cooling” is 
used to produce cellular dehydration and shrinkage. Lowering the freezing point of the solution 
using permeating cryoprotectants (open circle) extends the dehydration time during freezing and 
minimizes osmotic shock by avoiding excessive dehydration of the cell. Non-permeating 
cryoprotectants (closed circle) assist cellular dehydration, and stabilize the membrane during 
cryopreservation. As temperature decreases, extracellular ice crystals (star) start to form. A 
hypertonic condition producing osmotic dehydration is created as free water is further 
incorporated into the growing ice crystals. The viscosity of the solution continues to increase as 
the temperature lowers and intracellular solutes increase until -40° (the eutectic temperature) is 
reached. The remaining unfrozen solution is now solidified (partial vitrification). B) During non-
equilibrium vitrification, high concentrations of cryoprotectants dehydrate the cell and replace 
the intracellular water before cooling beings. Ultra-rapid cooling prevents water in cells and 
surrounding medium from undergoing ice crystal formation during cooling. A glass-like state is 
the result of the solidification of the solution.  
 
(Cuevas‐Uribe et al. 2015). The use of permeating and non-permeating cryoprotectants (CPAs) is 
an essential element during both of these procedures (Fuller 2004). Permeating CPAs, such as 
dimethyl sulfoxide and glycerol, are used to protect cells from intracellular ice crystal formation 
that can result in organelle disruption and membrane damage (Fuller 2004, Muldrew and 
McGann 1990). Non-permeating CPAs, such as sugars and polymers, are thought to stabilize the 
membrane (Meryman 1971). The toxicity of these chemicals is balanced through control of the 
concentration, time allowed for cryoprotectant to interact with the cells (“equilibration time”), 
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and sperm cell concentration. The cryoprotectant will be less effective if the concentration is too 
low, or osmotic swelling (rapid increase of water) and rupturing during thawing occurs when the 
cryoprotectant concentration within the cell is too high (Tiersch et al. 2007, Fuller 2004).  
During slow equilibrium freezing, the permeating cryoprotectant lowers the freezing 
point of the solution, and replaces some water inside the cell to minimize osmotic shock 
(Cuevas‐Uribe et al. 2015). If the cooling rate during this freezing process is too slow, cell injury 
or death from solution effects (exposure to a high concentration of solutes for extended periods 
of time) can occur, or if the rate is too fast, the remaining water inside the cell will undergo 
intracellular ice formation (Kumar and Betsy 2015). Rapid non-equilibrium vitrification uses 
instant cooling to convert the solution into a viscous glass and prevent ice crystal formation 
(Mazur et al. 2008). Combinations of permeating and non-permeating cryoprotectants are used at 
higher concentrations than used for equilibrium freezing to increase the dehydration rate and 
help raise the glass transition temperature (temperature at which the samples is no longer a liquid 
but rather in the amorphous glassy solid, -130C for water) (Cuevas‐Uribe et al. 2015). Samples 
will appear transparent during glass formation and milky during crystallization (Ali and Shelton 
2007).  
Sample Collection 
Dry Stripping 
Finfish sperm samples are typically collected by dry stripping (manual external removal 
of sperm from live mature males) or the dissection and removal of the testis (Figure 1.1). For 
stripping, males are removed from the water and blotted dry with towels. The abdomen of the 
male is gently messaged to expel the sperm into the desired container (e.g., centrifuge tube or 
dish) (Gwo 1994). Small-bodied fish (e.g., zebrafish and Xiphophorus) can be stripped using a 
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micropipette to collect sperm, but samples can be limited to 1-2 µl (Tan et al. 2010, Yang and 
Tiersch 2009b). After collection, samples are typically diluted with an extender solution at the 
desired ratio. Extenders are solutions containing salts with different osmolality and pH 
depending on the species. They are used to keep sperm immotile and increase storage capability. 
Careful consideration is taken during collection to avoid contamination with feces or urine as 
they can produce negative effects (e.g., decrease in motility percentage, sperm velocity, or 
storage capacity) and can induce motility prematurely (Suquet et al. 2000, Rurangwa et al. 2004).  
Dissection 
Males that cannot be stripped (e.g., catfish) or produce small amounts of sperm when 
stripped are dissected to remove the testis. After removal, sperm are released by slicing the testis 
into segments and mixing with extender solution or crushing the testis in extender solution (Yang 
et al. 2012b, Lang et al. 2003). The resulting sperm suspension is filtered to remove testes tissue 
contamination (Hu et al. 2014). Samples can be pooled or held separately depending on sperm 
volume, intended use, and male-to-male variability. Often with small aquarium fishes (e.g., 
Xiphophorus), testes are removed and crushed together to produce larger volumes of sample for 
processing.        
Sperm Activation 
Fishes can be grouped into four broad categories based on different modes of sperm 
activation. The first grouping is freshwater and saltwater fishes with external fertilization. For 
freshwater fishes, sperm becomes activated by hypotonic osmolalities (e.g., adding freshwater) 
whereas sperm from saltwater fishes become activated by hypertonic osmolalities (e.g., adding 
saltwater) (Cosson et al. 2008, Morisawa and Suzuki 1980). After activation, sperm generally 
can remain motile (actively swimming forward) for 30 s to 5 min (Yang and Tiersch 2009a). 
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Saltwater fish sperm can remain active for longer periods of time ranging from 40 s to 20 min 
(Cosson et al. 2008). The second grouping are fishes with sperm that becomes activated with 
changes in certain ion concentrations (Cosson 2004). This can be seen in salmonid fishes where a 
reduction in potassium ions triggers activation (Morisawa et al. 1983). The third group is fishes 
utilizing internal fertilization (live-bearing). Sperm from live-bearing fishes, such as the 
freshwater genus Xiphophorus, become activated by isotonic osmolalities and can remain active 
for as long as 1 wk (Yang et al. 2006, Huang et al. 2004). The fourth group includes euryhaline 
fishes such as medaka (Yang et al. 2010) and two species of tilapia, O. mossambicus (Linhart et 
al. 1999, Morita et al. 2003, Morita et al. 2004) and S. melanotheron (Legendre et al. 2008), that 
can be activated by hypotonic, isotonic, and hypertonic osmolalities. There are differences in the 
motility duration as medaka sperm can stay active for as long as 1 wk while tilapia sperm 
remains active for 30 min. Knowing the mode of activation for each species is important so that 
sperm will not be activated during collection or storage, and for accurate motility estimations.   
Estimating Motility and Cell Concentration 
 The most practical indicator of fish sperm quality is considered to be motility (Torres et 
al. 2016). There are 3 main estimation points during the cryopreservation process: 1) “initial 
motility” estimated when samples are collected; 2) “equilibration motility” estimated at the 
initiation of freezing after cryoprotectants are added, and 3) “post-thaw motility” estimated after 
samples are thawed. If the samples are shipped overnight or refrigerated for a period of time 
(hours to days), a “storage motility” should be estimated before starting cryopreservation. As 
stated above, after activation sperm can remain motile from sec to min to d depending on species 
and conditions. This range of active motility creates the need to standardize the timing of 
analysis. Visual analysis is the most widely used method for motility estimation. This is typically 
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performed by mixing sperm and an activation solution on a microscope slide or counting 
chamber to make observations using a microscope, but estimation is subjective from person to 
person (Lu et al. 2014). Timing of analysis can also vary from group to group, and new users 
may take longer to load and read samples. 
Standardization of cell concentration is important in establishing the appropriate 
relationship to a cryoprotectant concentration to ensure consistent protection of cells during 
freezing (Torres et al. 2016). Also, control of cell concentration can help reduce male-to-male 
variation and provide a threshold for sample acceptance if males provide dilute sperm (Tan et al. 
2010). It also is an important factor in standardizing sample loading volumes during high-
throughput cryopreservation. It has been shown that Blue Catfish sperm cryopreserved at 
1 × 108 yielded comparable results to sperm cryopreserved at 1 × 109 with substantial cost 
reductions in materials (Hu et al. 2011). The high-throughput cryopreservation of blue catfish 
sperm at 1 × 108 cell/mL required 20,000 0.5-mL French straws at a cost of US$30,000. But, 
when concentration was increased to 1 × 109, only 2,000 (US$3,000) straws were needed for the 
same initial volume of sperm. In this example, the increase in cell concentration would save 
US$27,000 at a commercial-scale application (Hu and Tiersch 2011). Fewer straws also results 
in lower storage, shipping, and use cost in a commercial application (Hu et al. 2011).  
Cell concentration can be estimated using several methods: counting chambers (e.g. 
hemocytometer; Makler®, Selfi-Medical Instruments, Haifa, Israel); spectrophotometry 
(Nanodrop; Thermo Scientific, Wilmington, DE); flow cytometry (BD Accuri; BD Biosciences, 
San Jose, CA), and computer-assisted sperm analysis (CASA, CEROS®, Hamilton Thorne, Inc., 
Beverly, MA) (Figure 2.3). Counting chambers are the mostly widely used method for 
determining sperm concentration, but can require relatively large (>10 µL) sample loading 
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volumes for each estimation and can take 10-15 min to read a sample (Torres et al. 2016, Tan et 
al. 2010). Spectrophotometers have been used for sperm counts in at least 44 aquatic species 
over the past 20 yr. Some spectrophotometers can use smaller volume (≤ 2 µL) samples and take 
only 5 to 10 s for each reading ,providing a better method for small biomedical fish and high-
throughput applications (Tan et al. 2010).  
For aquatic species, flow cytometry is commonly used to analyze membrane integrity. 
During this process, certain flow cytometry models can simultaneously calculate cell 
concentration as the volume of sample collected is measured (Torres et al. 2016). Computer-
assisted sperm analysis (CASA) systems can also be used to estimate motility and cell 
concentration simultaneously. These systems are composed of a microscope with camera and a 
computer with specialized software. This software can be a powerful tool in analyzing sperm 
kinetics, but there is a lack of standardized protocols in aquatic species and reporting of results is 
variable among users (Lu et al. 2014). Additionally, debris particles commonly found in crushed 
testes, such as for the genus Xiphophorus, can cause interference or be misidentified as sperm 
cells (Torres et al. 2016).  
Evaluation of Sperm Quality 
Although motility estimates are considered the most practical indicator of sperm quality, 
they are not always correlated with fertility and are subjective across users. Another technique 
used to evaluate sperm quality over the past 20 yr has been flow cytometry in combination with 
fluorescent staining (McNiven et al. 1992).  Fluorescent staining allows for the identification of 
membrane-intact cells by use of SYBR-14 and propidium iodide (PI) which stains nucleic acids 
within sperm cells. The stained sperm cells flow one-by-one through a measurement point that 
records fluorescence and scattered light (Figure 2.4). SYBR-14 produces a green fluorescent by 
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Figure 2.3. Photograph of a hemocytometer and Makler® counting chambers (top left), BD 
Accuri flow cytometer (top right), Nanodrop 1000 spectrophotometer (bottom left), and CEROS 
CASA system (bottom right). Counting chambers are easy to use and only require a microscope 
for recording estimations. Flow cytometers can analyze samples for membrane integrity and 
calculate cell concentration simultaneously. Spectrophotometers can estimate cell concentration 
quickly and some models require small volumes (≤ 2 µL) of sperm. CASA systems can estimate 
sperm motility and concentration simultaneously.  
 
binding to the DNA of cells with intact membranes. Propidium iodide is only able to enter cells 
with damaged membranes and intercalates within the DNA producing a red fluorescence (Garner 
et al. 1994). Using these nucleic acid dyes requires the samples be analyzed soon (20 min) after 
staining (Perfetto et al. 2010). This action prevents the use of flow cytometry in most aquatic 
species applications with sperm collection occurring on-site and not in a central laboratory. Also, 
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extra handling and disposal precautions must be taken as PI is suspected to have mutagenic 
properties (Corliss and White 1981, Fukunaga and Yielding 1978). Alternative methods using 
amine reactive dyes (ARD) are being tested that offer the ability to fix cells after staining and 
allows samples to be analyzed at a later time (Torres and Tiersch 2016). If the cell membrane is 
not damaged, the ARD can only bind to cellular amines on the cell surface. But, if the cell 
membrane is damaged, the ARD can also bind to internal amines, producing a brighter 
fluorescence (Perfetto et al. 2010). Both methods produce two colors representing membrane-
intact and damaged membrane populations for easy identification.  
Packaging 
Containers 
There are many different types of containers used for freezing and storage of sperm for 
aquatic cryopreservation. Container type is an important factor for sample identification and 
cooling rate standardization (Tiersch et al. 2007). The use of different materials and forms 
among containers causes variances in cooling or thawing rates because of divergent heat transfer 
properties (Yang and Tiersch 2009b). Two of the most utilized containers are cryovials and 
straws (e.g., French straw or CBS straw) (Barbato et al. 1998, Chao and Liao 2001). Cryovials 
are commercially available in multiple volumes (typically 1-5 ml) and configurations (e.g., base 
type, internal shape, thread type, and O-ring gasket type) (Shaw and Jones 2003). These have 
been a commonly used container in aquarium fish because of the small volumes of sperm 
available (Aoki et al. 1997, Draper and Moens 2009). But, cryovials cannot be completely sealed 
for biosecurity and currently lack the specialized automated filling, sealing, and  identification by 
permanent printing equipment that can be used with straws (Yang and Tiersch 2009b). 
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Figure 2.4. Conceptual model of the evaluation of sperm cells stained with fluorescent dyes 
inside a flow cytometer (top). Example of a dot-plot of viable (P2) and non-viable (P5) sperm 
cells (bottom). Each population is separated into gates. 
 
French straws and CBS high-security straws are commercially available in different 
colors and volumes of 0.25 ml and 0.5 ml for French straws and 0.3 ml and 0.5 ml for CBS 
straws. French straws are made from polyvinyl chloride (PVC) and polyethylene terephthalate 
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glycol (PETG). The CBS straws are made from a high-security ionomeric resin and have an 
external PVC jacket for identification labeling (Shaw and Jones 2003). French straws have an 
open end that can be heat sealed and a “cotton end” that is plugged with PVC sealing powder 
during the filling process. The CBS straws are heat sealed on both ends for improved biosecurity. 
Such straws are ideal for high-throughput cryopreservation because their shape and ease of 
labelling facilitates high-capacity storage. Straws are the preferred choice of container used in 
the livestock industry.   
Automated Packaging 
User groups have reported the use of larger volume straws (as large as 5 ml) to help 
achieve large-scale cryopreservation (Cabrita et al. 2001, Chen et al. 2004, Wheeler and 
Thorgaard 1991). In recent years, some researchers have incorporated the high-throughput 
equipment used in the livestock industry (Hu et al. 2016, Lang et al. 2003, Yang and Tiersch 
2009b). This equipment includes automated printing machines and packagers for use with 0.25-
ml and 0.-5ml French straws (Figure 2.5). The use of automated printers (e.g., AHDR Model, 
reference number: 13142/1000, Minitube USA, Inc, Delavan, WI) allows for precise bar code 
and alphanumeric labeling of each straw. Proper labeling is extremely important when freezing 
and storing thousands of straws a day. Automated packagers (e.g., MRS1 Dual, reference 
number: 020052, IMV Technology USA, Maple Grove, MN or MPP Uno, reference number: 
13017/0000, Minitube USA, Inc, Delavan, WI) can fill and seal ~3,600 straws per hr. There are 
also some all-in-one systems that combine printers and packagers (CombiSysem MPP Quattro 
and MiniJet printer, reference number: 13018/0002, Minitube of America, Inc, Delavan WI or 
MAPI, reference number: 007218, CryoBioSystem, Paris, France) that can process as many as 
15,000 straws per hr. 
  
21 
 
Figure 2.5. The MRS1 straw packager and sealer (left), and MPP Quattro and MiniJet 
combination straw packager, sealer, and printer. The MRS1 fills and seals a single straw at a 
time. Straws must be pre-labeled or labeled individually after packaging. The MPP Quattro and 
Minijet can fill and seal four straw at a time followed by labeling.  
 
Freezing Devices 
In aquatic cryopreservation, samples can be frozen using a variety of methods and 
devices. Cryovial samples are often frozen with various forms of dry ice (Wheeler and 
Thorgaard 1991) and straws are frozen in nitrogen vapor (Leibo et al. 2007). Polystyrene foam 
boxes have been widely used as an inexpensive device to freeze samples in nitrogen vapor 
(Horváth et al. 2005, Lahnsteiner et al. 1996, Richardson et al. 1999). Straws are placed onto a 
polystyrene raft or metal rack and positioned at certain heights above the liquid nitrogen to 
achieve the desired cooling rate. Shipping dewars have also been used as a device to freeze 
samples in nitrogen vapor (Koh et al. 2012, Wayman et al. 1996). To freeze, aluminum canes 
with goblets positioned at a desired height are placed inside the shipping dewar (refer to chapter 
3 for shipping dewar diagram). Depending on the height placement of the samples, variable 
freezing rates can be achieved. At the other end of the throughput scale, computer-controlled 
freezers (Micro-Digitcool, reference number: 007261, IMV Technology USA, Maple Grove, MN 
or IceCube 14M, SY-LAB, Neu-purkersdor, Austria) are manufactured with various capacities 
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(e.g., 240 to 2,720 straws per freezer) to accommodate the large number of straws produced by 
automated processing.  
Storage and Transportation 
 The most common method for cryogenic storage is to hold samples in a liquid nitrogen (-
196°C) storage dewar. Insulation is provided by a vacuum chamber. It is important to keep good 
records of inventory and transport of samples. Samples can be stored in goblets positioned on 
aluminum cans or in 12-compartment daisy goblets (Reference number: 015152, IMV 
Technologies, Paris, France). Such storage systems can be tracked by use of inventory software 
programs. For high-throughput application, daisy goblets facilitate the efficient storage of 
samples as they can hold 480 0.25-ml French straws or 240 0.5-mL French straws. Straws are 
ideal for long-term storage as they can be permanently labeled, are completely sealed, and 
durable. Complete sealing minimizes or prevents the transfer of sperm cells or bacteria to and 
from samples in a storage dewar (Morris 2005).    
Thawing and Fertilization 
 During thawing, the goal is to rapidly heat the cryopreserved samples to minimize the 
period of crystal propagation (recrystallization) (Yang and Tiersch 2009b). Straws (French and 
CBS) are typically submerged in a 40 to 50 °C water bath for ~7 sec. This can be performed in a 
thermos, polystyrene cooler, or temperature-controlled water bath. Once thawed, samples should 
be cool to the touch and air bubbles inside the straw can move freely (Wayman and Tiersch 
2011). The straw is cut and sperm is released into the desired container. Multiple methods have 
been reported for thawing cryovials. These range from using a water bath to leaving them at 
room temperature (Yang and Tiersch 2009b).  
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Artificial External Fertilization 
 During artificial external fertilization, thawed sperm samples are thoroughly mixed with 
eggs and an appropriate sperm activation solution (e.g., freshwater or saltwater) is added. 
Additional freshwater or saltwater is added to the eggs after 5 to 10 min to water-harden the 
eggs. A fertilization with fresh sperm should also be performed to control for egg quality. It is 
common practice for excess sperm to be added during fertilization resulting in sperm waste. 
Standardizing the sperm: egg ratio can reduce this waste and help improve fertilization (Babiak 
et al. 1997, Suquet et al. 1995). After development has started, percent fertilization data should 
be recorded to estimate gamete quality. It is important to identify the embryo development stage 
at which percent fertilization was determined for standardization of results. Hatch rate data can 
also be collected to estimate the total number of larvae produced.   
Artificial Internal Fertilization 
 During artificial internal fertilization, thawed sperm samples are injected into the genital 
duct of females and the females are returned to aquaria systems to spawn. There are several 
factors to be considered during this process. Viviparous fishes, such as the genus Xiphophorus, 
can store sperm in the reproductive tract for extended periods of time after spawning (Tavolga 
1949). This phenomenon makes obtaining virgin females difficult. Thawed samples must be 
centrifuged and washed to remove the cryoprotectant and concentrate the number of sperm 
(Torres et al. 2016). And even with fresh sperm, offspring production via artificial insemination 
can also be low (20%) (Yang et al. 2012a).  
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Chapter 3 
Design and Cost Analysis of a Self-contained Mobile Laboratory for Aquatic 
Species Cryopreservation 
 
In recent years, cryopreservation has been increasingly recognized as an important tool 
for aquatic species in aquaculture, biomedical research, wild fisheries, and imperiled species 
(Cabrita et al. 2010, Tiersch et al. 2007). Most published cryopreservation studies have been 
performed in centralized laboratories kilometers away from a river, ocean, or fish hatchery. 
When collecting samples in the field, time constraints or remote locations often limit the ability 
to ship these samples, and if they are shipped, quality can be lost and the samples must be 
discarded. Moreover, there are some species that produce less than 1 mL of sperm, which greatly 
increases the need for efficiency in processing (Rurangwa et al. 2004). When working with fish 
farms, hatcheries, or stock centers, fish usually are either transported alive to a cryopreservation 
facility and held until they are ready to be processed, or sperm is collected and shipped to the 
cryopreservation facility. Physiological stress during transport can increase the possibility of a 
disease outbreak or spreading of pathogens from a source facility to the cryopreservation facility 
(Hagedorn et al. 2009). Fish that are exposed to a pathogen will not always develop infections or 
express clinical signs (Lapatra 1998). It is when fish experience stressful environmental 
conditions (e.g., sub-optimal water quality, temperature, oxygen, pH) that a disease outbreak is 
most likely to occur (Snieszko 1974).  
On-site cryopreservation of germplasm in nitrogen-vapor shipping dewars has been used 
for more than 35 yr (Wayman et al. 1996, Gwo 1994). Shipping dewars (Figure 3.1) contain an 
adsorbent material that is designed to hold several liters of liquid nitrogen without the risk of  
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Figure 3.1. Diagram of a nitrogen-vapor shipping dewar. The positioning of the goblets and 
canes within the inner chamber is used to control the freezing rate. A slower freezing can be 
achieved by placement of samples in the upper goblet and faster freezing rate by using the lower 
goblet.  
 
spilling if the dewar is tipped over. These dewars typically have a narrow neck (diameter 
between 51 and 216 mm) and an overall height of between 470 and 671 mm. 
In usual practice, French straws or other containers are placed in an upper or lower goblet 
attached to an aluminum cane which is placed into a canister and positioned within the shipping 
dewar. Differential placement of the goblet on the cane provides the ability to adjust the cooling 
rate. From 1990 to 2006, the World Fisheries Trust (WFT) focused exclusively on field 
cryopreservation, collecting sperm from wild stocks of salmonids (Oncorhynchus nerka, O. 
tshawytscha, O. kisutch, O. mykiss, and Salmo salar) and black cod (Anopoploma fimbria) in 
North America and the conservation of migratory fish species of the genera Salminus, Leporinus, 
Piaractus, Brycon, Pseudoplatystoma, and Prochilodus in South America (Harvey 2011). In 
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1995 and 1996, the WFT cryopreserved samples from 750 Sockeye Salmon that totaled 2,000 
French straws representing 15 stocks using a field cryopreservation kit containing only 
cryoprotectant, straws, shipping dewars, and field notebooks (Harvey et al. 1998). Despite the 
extensive application of this method, there are still many limitations to on-site cryopreservation 
with shipping dewars. Due to the size of shipping dewars, most studies are small scale and can 
only produce tens of samples (Blundell and Ricketson 1979). The freezing temperatures that can 
be achieved are also affected by the size of the dewar, the number of samples being frozen due to 
the cumulative heat load, and the amount of liquid nitrogen remaining in the dewar after 
(Wayman and Tiersch 2011).  
Over the past 15 years there have been successful adoptions of equipment and processes 
used in high-throughput livestock cryopreservation for aquatic species (Hu et al. 2011, Lang et 
al. 2003, Roppolo 2000). This equipment can include automated straw packagers and computer-
controlled freezers. Automated packagers are able to fill and seal 0.25-µL or 0.5-µL French 
straws at a rate of as many as ~15,000 per hour depending on the model. Programmable freezers 
are suited to handle the large output of straws from the automated packagers and can 
automatically control the temperature inside the cooling chamber yielding uniform freezing. 
Other equipment used during cryopreservation can include spectrophotometers to estimate sperm 
concentration and flow cytometers to analyze membrane integrity. However, these instruments 
are delicate, expensive, and not easily transportable. If on-site cryopreservation is going to be an 
effective tool, an approach for the use of high-throughput and specialized equipment in the field 
with quality control needs to be developed.   
The overall purpose of this project was to develop a self-contained mobile laboratory for 
on-site high-throughput cryopreservation of aquatic species. The objectives of this study were to: 
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1) identify how the mobile laboratory would function in different operational scenarios; 2) 
customize an enclosed cargo trailer to function as a laboratory; 3) evaluate the laboratory layout 
and ability of cryopreservation equipment to operate from generator power, and 4) document the 
cost of integrating a mobile laboratory into an existing cryopreservation facility and estimate the 
total cost per trip based on hypothetical assumptions. In this study, the mobile laboratory that 
was developed could address three different operational scenarios, was completely self-
contained, and produced samples with quality control equivalent to a central facility. The 
capability developed as part of this research is the first example of integrating high-throughput 
cryopreservation equipment with mobile capability to process aquatic species germplasm on-site, 
and opens the door for commercialization and outreach for helping new users in the field.  
Methods 
Operational Setup Scenarios 
Three operational scenarios were identified for the mobile aquatic cryopreservation 
laboratory to address: 1) using space in an existing facility; 2) using of the mobile laboratory 
with on-site power, and 3) using of the mobile laboratory with generator power. During scenario 
1, equipment and supplies were brought into the on-site facility and unpacked for processing and 
freezing. During scenario 2, the mobile laboratory was connected to on-site power and did not 
rely on a generator. Depending on location, some processing or freezing could be performed 
inside an on-site facility or in a portable structure. During scenario 3, power was provided 
exclusively by a generator and all processing and freezing were performed inside the mobile 
laboratory or outside under a portable structure. A fourth scenario, “backpack”, was identified 
that excluded the use of the trailer. Although this scenario was not covered in the project, this has 
been a traditional approach used in previous studies for on-site cryopreservation. For this 
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scenario, only essential equipment and supplies would be brought to the location and all 
processing and freezing would be performed outside.    
Laboratory Structure and Design Considerations 
A custom-built 3.8 m x 1.7 m x 2.2 m (L x W x H) singe-axle (1590 kg capacity) fully 
enclosed cargo trailer was purchased in 2013 (Pro Pull Trailers, Baton Rouge, LA) to provide the 
structure for the mobile cryopreservation laboratory (Figure 3.2). Cargo trailers are usually 
available from local vendors and can be customized with readily available over-the-counter 
components. Simple construction allows for low cost of maintenance and repairs if needed. The 
trailers can also be towed and maneuvered using a towing-capable vehicle, and be disconnected 
at the working location for safe parking. The mobile cryopreservation laboratory had 6.58 m² of 
floor space and was cooled by a roof-top air conditioner (Airxcel Inc., Wichita, KS). A breaker 
box containing 15-amp and 20-amp breakers was used to distribute power. The 15-amp breaker 
controlled a standard 120-V USA wall outlet and the 1.2-m fluorescent light. The 20-amp 
breaker controlled the air conditioner. Because the floor and walls were made of wood, the entire 
inside was coated in a waterproofing wood protector (Thompson’s water seal®, Thompson’s 
Company, Cleveland, OH) to prevent water damage. The trailer came equipped with a standard 
0.8 m x 1.9 m (W x H) door located on the right wall (hinged towards the front) and a rear 1.6 m 
x 2 m (W x H) bottom-hinged spring-assisted ramp door. The ramp door allowed equipment to 
be easily loaded and unloaded from the trailer and the side door allowed for access during 
operation. A pair of support legs located at the rear of the trailer added support when equipment 
was loaded and unloaded, and was used to level the trailer when parked on sloped ground. 
Several factors were considered during the design process for the inside layout of the mobile  
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Figure 3.2. The enclosed cargo trailer showing the side door, rear fold down door, and rooftop air 
conditioner. 
 
laboratory. The most important factor was floor space. A laboratory workbench and other storage 
options were needed to process and freeze inside. There also needed to be enough storage space 
for samples to enable high-throughput production. In addition, enough room was needed for two 
or more technicians to work comfortably. During transportation to and from working locations, 
the laboratory had to serve as a cargo trailer securing all equipment and supplies and protecting 
them from vibration. Because there was a wide range of available amenities (e.g., power, water) 
at every working location, the mobile laboratory needed to be flexible and completely self-
contained. For freezing, a portable liquid nitrogen cylinder needed to be transported to each 
location. Safety concerns necessitated provision of the same working environment of a central 
laboratory, including ventilation of nitrogen gas. Proper security measures would be required 
when transporting expensive and delicate equipment. The trailer was rendered to scale using 
computer-aided design software (Sketchup 2015, Trimble Navigation, Sunnyvale, CA, version 
15.0.9351) (Figure 3.3). Various components (e.g., workbench, shelves, and table) were modeled 
into the available trailer space to evaluate different layouts.  
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Figure 3.3. SketchUp 3-D model of the empty enclosed trailer with internal electrical 
components.   
 
Laboratory Evaluation   
The mobile laboratory was initially tested in the parking lot of the Aquatic Germplasm 
and Genetic Resources Center (AGGRC) and electricity was provided by a 5.5-kw portable 
generator (Generac GP5500, Generac Power Systems Inc., Waukesha, WI). A variety of 
electrical components were used to test the generator power: 1) 1.2-m florescent light; 2) roof-
top air conditioner ; 3) dark-field microscope (Optiphot-2, Nikon, Garden City, NY); 4) 
automated straw packager (MRS1, reference number: 020072, IMV Technologies, Paris, 
France); 5) a vacuum pump (Air Admiral, Cole-Parmar, Vernon Hills, IL), and 6) a 
programmable freezer (Micro Digitcool, reference number: 007261, IMV Technologies, Paris, 
France). For the duration of the trial, the fluorescent light, air conditioner, and microscope were 
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continually operated to simulate field operation. The dome light was never used. The automated 
straw packager, vacuum pump, and programmable freezer were turned on and off as needed. 
Because fresh sperm was unavailable, common carp (Cyprinus carpio) sperm frozen in 0.5-µL 
French straws (Reference number: 005569, IMV Technologies, Paris, France) were thawed for 8 
sec in a water bath (Model 1141, VWR, Radnor, PA) at 40°C for testing of microscopy (thawing 
was not performed inside the mobile laboratory). With all equipment running, 1 µL of 
unactivated sperm was placed onto a Makler counting chamber (Sefi-Medical Instruments, 
Haifa, Israel) and examined using the dark-field microscope at 200-× magnification to determine 
if vibration was occurring that could affect motility estimates. A common sperm diluent, Hanks’ 
balanced salt solution at an osmolality of 300 mOsmol/kg (Appendix A, SOP-1) was packaged 
using the automated straw packager and frozen in the programmable freezer at a cooling rate of 
20°C/min to simulate the packaging and freezing of sperm. 
Cost Analysis Assumptions 
 To date, there has only been two studies that examine the cost of integrating 
cryopreservation into a fish hatchery (Caffey and Tiersch 2000, Caffey and Tiersch 2011). 
However, economic models have been used in the aquaculture industry for decades (Landau 
1992, Shang 1990). In a previous study, a modified cost analysis model was created to help 
estimate how capital (items purchased once) and operating (items purchased often) costs would 
change at different levels of cryopreservation production for public and private fish hatcheries 
(Caffey and Tiersch 2000). In the present study, a modified cost analysis model was created to 
estimate what the capital costs would be for an existing cryopreservation facility to construct a 
mobile laboratory at different levels of automation and estimate the total cost per trip based on 
hypothetical assumptions.   
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Three production scenarios (manual, semi-automated, fully automated) were created 
based on the level of automated equipment utilized. The manual scenario assumed that no 
automated high-throughput equipment was utilized. French straws are hand filled and sealed by 
two operators, and only 30 straws are frozen at a time in liquid nitrogen vapor using a 
polystyrene box and floating platform (Hu et al. 2017). The semi-automated scenario assumed 
that operators are hand filling and sealing straws, but a programmable freezer is utilized to freeze 
more samples. The fully automated scenario assumed that an automated straw packager and 
programmable freezer were utilized. Capital costs were generated for construction of the mobile 
laboratory and for the items needed to achieve these different levels of automation. The 
assumption was made that the cryopreservation facility possessed some standard 
cryopreservation equipment that did not need to be bought for the mobile laboratory (e.g., 
microscope, pipettes, etc.). Miscellaneous costs were calculated as 5% of budgeted items. It was 
assumed that private groups would finance their initial investment with a 10-yr loan at a 12% 
annual percentage rate (APR) and would also pay 10% local sales tax on all purchases. 
Depreciation for capital investment items was set between 5 and 10 years (10% to 20% per year) 
with no salvage value depending on the estimated useful life. For all costs, a mean price was 
calculated, when possible, from as many as three price quotes from different equipment and 
supply vendors in 2015 and 2016 (i.e., VWR Scientific, Grainger, Fisher Science, USA 
Scientific).  
Two general lists of assumptions were developed to estimate the total variable cost for a 
single hypothetical cryopreservation trip for aquaculture production (Table 3.1) and a trip for 
repository development (Table 3.2). For aquaculture production, Channel Catfish by Blue 
Catfish hybrids were chosen as the target organism and the desired annual production was set to  
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Table 3.1. Hypothetical assumptions for cryopreservation of Blue Catfish for the aquaculture 
production of hybrid catfish (Channel Catfish female X Blue Catfish male) sac fry.  
Description Assumption 
Target organism Hybrid catfish 
Target size (e.g., fry, fingerling, adult) Sac fry 
Annual production (# of fish) 5,000,000 
Hatching rate (%) 50% 
Fertilization rate (%) 50% 
Total number of eggs required 20,000,000 
Avg size female (kg) 1.2 
Average eggs per kg of body weight 8,800 
Average spawn per fish (# of eggs) 10,560 
Number of females needed (#) 1894 
Egg-to-sperm ratio 1:300,000 
Desired sperm concentration per straw 1.0 X 109 
Number of eggs fertilized per straw 3,333 
Number of 0.5-mL straws needed 6,000 
Number of 0.5-mL straws per female 3 
Avg size male (kg) 6 
Average testis weight (g) 14 
Extender-to-testis weight ratio (mL:g) 2:1 
HBSS osmolality (mOsmol/kg) 300 
Extended sperm volume/male (ml) 28 
Desired sperm concentration 2.0 X 109 
Average sperm concentration 2.0 X 109 
Additional HBSS needed (mL) 0 
Total adjusted sperm volume/male (mL) 28 
Cryoprotectant (type) Methanol 
Cryoprotectant (active %) 10 
Cryoprotectant-to-extended sperm ratio (v:v) 1:1 
Packaging Waste (%) 5 
Total final sample volume per male (mL) 53 
Straw size (mL) 0.5 
Number of straws per male 106 
Usage waste (%) 5 
Number of males 59 
Total number of 0.5-mL straws 6,300 
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Table 3.2. Hypothetical assumptions for cryopreservation of multiple species in the genus 
Xiphophorus for repository development. 
Description Assumption 
Target species Xiphophorus spp. 
Number of males 500 
Number of males pooled Variable 
Average size male (g) 0.3 
Average testis weight (mg) 4.5 
HBSS osmolality (mOsmol/kg) 300 
Extender-to-testis weight ratio (µL:mg)  30:1 
Extended sperm volume/male (µl) 135 
Desired sperm concentration 2.0 X 108 
Average sperm concentration 2.5 X 108 
Additional HBSS needed for concentration adjustment (µL) 34 
Total adjusted sperm volume/male (µL) 169 
Cryoprotectant (type) Glycerol 
Cryoprotectant (active %) 14 
Cryoprotectant ratio to extended sperm 1:1 
Processing waste (%) 5 
Straw size (mL) 0.25 
Number of straws per male 1.3 
Total number of 0.25-mL straws 641 
 
5,000,000 sac fry for the three month spawning period. Based on assumptions of a 50% 
fertilization rate and 50% hatching rate, it was backwards extrapolated that 20,000,000 eggs 
would be required. To determine the number of eggs produced from a single female, it was 
assumed that the average female weighed 1.2 kg and produced 8,800 eggs per kg of body weight 
(Tucker and Robinson 1990). Therefore, a single female could produce 10,560 eggs, and it 
would require 1,894 females to produce the required number of eggs. To determine the number 
of 0.5-mL French straws required for fertilization, we assumed that the sperm to egg ratio was 
3.0 X 105 and the desired sperm concentration per straw was 1.0 X 109. Using this ratio, one 
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straw could fertilize 3,333 eggs and 3.17 straws would be needed to fertilize the eggs of one 
female resulting in 6,000 total straws required. To estimate the number of males required, it was 
assumed the average male weighed 6 kg and had a testis weight of 14 g (determined using the 
weights of the males in Chapter 4). For Blue Catfish, the testis are crushed with Hanks’ balanced 
salt solution at an osmolality of 300 mOsmol/kg (Hu et al. 2011). The ratio of HBSS300 (mL) to 
anterior testis (g) (Sneed and Clemens 1963) is 2:1 resulting in a total sperm suspension of 
approximately 28 mL. The desired sperm concentration before the addition of cryoprotectant was 
set at 2.0 X 109 and it was assumed that all samples were at this concentration (Hu et al. 2011). A 
methanol solution at 20% is mixed with each sperm sample at a 1:1 (v:v) ratio to yield a final 
volume of 56 mL, cryoprotectant concentration of 10%, and cell concentration of 1.0 X 109. It 
was assumed that there was a 5% waste during packaging resulting in a total of 106 0.5-mL 
French straw per male. A 5% waste was also assumed during fertilization of eggs with 
cryopreserved straws resulting in the need for a total of 60 males to produce 6,300 straws.    
For repository development, the genus Xiphophorus was chosen as the target species. To 
begin, it was assumed that 100 males from five different species would be processed during this 
trip and males would be pooled in various batches. Males were assumed to have an average 
weight of 0.3 g and testis weight of 4.5 mg (determined using the weights of the males in 
Chapter 4). For Xiphophorus, the testis are crushed in Hanks’ balanced salt solution at an 
osmolality of 300 mOsmol/kg using a volume of 30 times the testis weight (Yang et al. 2007). 
This results in a sperm suspension of approximately 135 µL per male. The desired sperm 
concentration before the addition of cryoprotectant was set at 2.0 X 108. It was assumed that the 
average sperm concentration was 2.5 X 108 resulting in the need for an additional 34 µL to create 
a final volume of 187 µL. A glycerol solution at 28% is mixed with each sperm sample at a 1:1 
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(v:v) ratio to yield a final cell concentration of 1.0 X 108 and cryoprotectant concentration of 
14% (Yang et al. 2007). After assuming a 5% processing waste, each male was estimated to 
create a total volume of 321 µL resulting in 1.3 French straws (0.25 mL) on average per male.  
For each hypothetical trip, total variable costs were calculated using a spreadsheet model 
by estimating labor, travel, and supplies (Table 3.3) for each production scenario (manual, semi-
automated, fully-automated). Parameters were established based on current cryopreservation 
methods used in the laboratory and previous research. Labor costs comprised hourly wages and 
fringe benefits for research associates and technicians, meal per diem, and lodging. For the 
aquaculture production scenario, it was assumed that the staff of the aquaculture facility were 
responsible for dissecting the males and giving the sperm samples to the cryopreservation crew 
which consisted of one research associate responsible for quality control and overall 
management, and two technicians responsible for filling, freezing, and sorting straws. For the 
repository development scenario, the cryopreservation crew were responsible for dissecting 
males. The crew for this scenario consisted of one research associate for quality control and 
overall management and three technicians. Two technicians were responsible for only dissection 
and one technician dissected fish and assisted the research associate when needed. Meal per diem 
was only applied to the public group. It was assumed that every individual had their own hotel 
room. For the aquaculture production, it was estimated that it would take 14 d to process 60 Blue 
Catfish using manual scenario, 5 d for semi-automated, and 3 d for fully automated. For the 
repository development, it was estimated that it would take 5 d to process 500 Xiphophorus for 
all levels of automation, but more male pooling would be needed for manual scenario as only 30 
straws can be frozen at a time compared to using a computer-controlled freezer. For travel, the 
round-trip miles were set randomly at 500 miles with a vehicle per diem of 51 cents per mile. 
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Table 3.3. Spreadsheet model assumptions for total variable costs associated with each 
hypothetical cryopreservation trip. 
Variable description Mean value Source/Justification 
Research associate labor cost ($/hr) $20.00 Hourly wage for research associates 
Research associate fringe (%) 48% Fringe % for LSUAC employee 
Technician labor cost ($/hr) $8.00 Hourly wage for technicians 
Technician fringe (%) 0% Dependent of full-time or part-time 
Labor days  Variable Based on trip length 
Labor hours per day 8 Common workday 
Meal per diem ($/day/meals) $56.00 LSU travel guide (PM-13) 
Lodging ($/night) $100.00 Variable 
Lodging nights (#) Variable Based on trip length 
Travel distance (miles round trip) 500 Proximity of the destination 
Vehicle per diem (cents/mile) $0.51 LSU travel guide (PM-13) 
Generator fuel use (g/hr) 0.72 Generator specifications 
Daily hours of generator use Variable Based on electricity availability 
Generator fuel ($/gallon) $2.50 Average 2016 gas price 
Straws ($/0.5 mL) $0.06 Appendix E 
Daisy goblet ($/unit) $8.73 Appendix E 
HBSS-300 mOsmol/kg ($/L) $0.54 Appendix E 
CF-HBSS-200 mOsmol/kg ($/L) $0.34 Appendix E 
CF-HBSS-1000 mOsmol/kg ($/L) $1.78 Appendix E 
DMSO ($/mL) $0.09 Appendix E 
Methanol ($/mL) $0.03 Appendix E 
Glycerol ($/mL) $0.08 Appendix E 
Pipettor tips (1-10 µL) ($/unit) $0.02 Appendix E 
Pipettor tips (20-200 µL) ($/unit) $0.03 Appendix E 
Pipettor tips (100-1000 µL) ($/unit) $0.03 Appendix E 
Centrifuge tubes (15 mL) ($/unit) $0.29 Appendix E 
Centrifuge tubes (50 mL) ($/unit) $0.36 Appendix E 
Microcentrifuge tubes (1.5 mL) ($/unit) $0.04 Appendix E 
Microcentrifuge tubes (5 mL) ($/unit) $0.28 Appendix E 
Serological pipet (1 mL) ($/unit) $0.21 Appendix E 
Serological pipet (5 mL) ($/unit) $0.42 Appendix E 
Serological pipet (10 mL) ($/unit) $0.45 Appendix E 
Serological pipet (25 mL) ($/unit) $1.03 Appendix E 
Nalgene bottle ($/unit) $7.66 Appendix E 
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(Table 3.3 continued) 
Variable description Mean value Source/Justification 
Thermocouple ($/unit) $9.07 Appendix E 
Safety goggles ($/unit) $12.00 Appendix E 
12" Tweezers ($/unit) $9.00 Appendix E 
Syringe (1 mL) ($/unit) $0.54 Appendix E 
Syringe (3 mL) ($/unit) $0.31 Appendix E 
Sterile filters ($/unit) $3.30 Appendix E 
Exam gloves ($/unit) $0.23 Appendix E 
Kimwipes ($/unit) $0.01 Appendix E 
MRS1 0.5-mL disposable needle ($/unit) $0.28 Appendix E 
MRS1 0.25-mL disposable needle ($/unit) $0.20 Appendix E 
Ziploc storage bags (quart) ($/unit) $0.09 Appendix E 
 
Supply costs included gas for the generator, French straws, chemicals, plastic ware items, and 
other miscellaneous items needed for cryopreservation (Table 3.3). As above, a mean price was 
calculated, when possible, from as many as three price quotes from different supply vendors in 
2015 and 2016 (Appendix D). Private groups were assumed to pay a 10% tax on supply and 
hotel purchases. Both private and public had a contingency (incidental expense) set at 10%.  
 The total cost per trip was estimated by adding the total variable cost per trip to the total 
fixed cost. The total fixed cost for the private group was based from the needed loan amount as 
described above. The total fixed cost for a public group was based on the depreciation value of 
the capital investment items. Allocating fixed cost was made difficult because of the unknow 
number of trips that would be taken annually. For simplicity, it was assumed that 12 
cryopreservation trips would be made in a year resulting in 1/12 of the annual fixed cost 
allocated per trip. If more trip or less trips were taken per year, then more or less fixed cost 
would be allocated per trip. Other estimations, such as break even and gross revenue were 
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estimated. Break even estimations were based on a cost per straw. The profit margin was set at 
50%. 
Results 
Operational Procedures  
 A schematic flow chart was created to aid in the decision-making process of 
cryopreserving at the central facility or onsite (Figure 3.4). If on-site cryopreservation was 
chosen, additional questions about the availability of liquid nitrogen and on-site capabilities were 
used to determine if extra supplies were needed and to choose the best operational setup.   
Layout and Operation 
In preparation for a trip, a Mobile Laboratory Client and Site Assessment form 
(Appendix B) was filled out providing information about the purpose of the trip (e.g., repository 
development, offspring production) and the on-site facilities available. A master checklist 
(Appendix C) was used to gather equipment and supplies based on the objectives identified (e.g., 
organism, number of males) and needs of the cryopreservation site, and were packaged inside 
appropriate-sized plastic transport cases (Pelican 1660, Pelican Products, Torrance, CA, Tractor 
Supply Co, reference number: 184011099 & 109099399, Brentwood, TN) or 
polystyrene(Styrofoam) boxes. The day before departure, all items were loaded into the trailer 
and secured using wall and floor tie downs (Figure 3.5). A push cart (Uline, Pleasant Prairie, WI) 
and 454 kg moving dolly (Haul Master, Harbor Freight Tools, Calabasas, CA) were used to load 
and unload large items. Upon arrival, all equipment and supplies were unpacked inside the trailer 
or inside an on-site facility. The number of technicians utilized for each trip varied based on the 
number of males being processed and who was responsible for collecting the sperm. Some  
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Figure 3.4. Steps in the decision-making process of cryopreserving at a central facility or on-site. 
The chart begins with selection of the organism being cryopreserved and the user group. Next, it 
is determined if that species or sperm samples can be shipped or transported to the central 
facility, and if it would benefit quality and cost efficiency to do so. If not, questions about 
capabilities of the on-site facilities are used to decide what operational scenario would be most 
appropriate.   
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Figure 3.5. Blueprint (top view) and photograph of equipment and supplies loaded inside the 
trailer for transportation. Wall and floor hooks are used to tie down items with ratchet straps. 
Heavy items are loaded in the front of the trailer for proper weight distribution.  
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hatcheries will use their own technicians to collect sperm samples requiring only 2 or 3 
technicians to cryopreserve. During freezing, the doors to the trailer were always open and a 
low-oxygen alarm (MaxO2
+A, Maxtec, Salt Lake City, UT) was utilized. After all samples were 
processed, equipment and supplies were loaded back into the mobile laboratory, transported back 
to the central facility, where they were unloaded and stored to await the next trip.  
A layout was chosen to maximize countertop and floor space (Figure 3.6). A 1.2 m x 0.5 
m x 0.9 m (W x D x H) wooden laboratory workbench with cabinet storage and drawers was 
permanently secured to the left wall at 0.7 m from the front of the trailer. This workbench had a 
1.5 m x 0.6 m x 0.003 (W x D x H) countertop. A 0.9 m x 0.5 m x 0.9 m (W x D x H) 3-tiered 
metal shelving unit was positioned at the front of the trailer to provide additional storage space. 
Adhesive magnetic locks (Dreambaby, Sydney, Australia) were added to the workbench to keep 
the cabinet and drawers from opening while driving. Use of a folding table provided A 1.8-m 
folding table (Rubbermaid, Atlanta, GA) was used when needed to provide work space along the 
wall with the laboratory workbench when needed. Use of a folding table provided floor space 
during transportation to and from working locations. A first-aid kit and eye wash station were 
attached to the wall for emergencies. A fire extinguisher was stored in the cabinet of the 
laboratory workbench and another was stored in the backseat of the towing vehicle. 
Cryopreservation processing steps were followed at the remote sites as they would have been at a 
central facility (Figure 3.7). A large liquid nitrogen cylinder (120-L Cryo-Cyl, Chart Industries 
Inc., Ball Ground, GA) was used to provide liquid nitrogen on-site. This tank was easy to 
maneuver and could supply enough liquid nitrogen for approximately 1 d or more depending on 
the usage level of the programable freezer (IMV Micro Digitcool or Sy-Lab IceCube 14M). A 
nitrogen vapor shipping dewar (MVE Cryomoo-ver, Chart Industries Inc., Ball Ground, GA) was  
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Figure 3.6. Blueprint (top view) and photograph of the layout inside the mobile laboratory used 
for processing. This layout provides the best use of floor space. Supplies are stored inside the 
workbench or on the metal shelf. Two to three people can comfortable work inside at a time.  
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Figure 3.7. Blueprint (top view) of the cryopreservation stations and photograph of the author 
working with the cryopreservation equipment. Samples entered the laboratory where they were: 
1) processed and assessed at the workbench, 2) equilibrated and packaged at the folding table, 3) 
finished by cooling in the programmable freezer on the shelving unit, and 4) finally stored in the 
dewar.  
 
 
1 
2 4 
3 
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used to safely store and transport samples back to the central facility. The shipping dewar could 
store as many as 14 full daisy goblets (Reference number: 015152, IMV Technologies, Paris, 
France) allowing a total of 3,360 0.5-mL French straws or 6,720 0.25-mL French straws to be 
stored. A 2.4 m x 2.4 m (L xW) canopy tent (E-Z UP, Norco, CA) was available for working 
outside the trailer.  
Laboratory Evaluation 
The 5500 running watts provided by the generator were sufficient to power all equipment 
simultaneously, and could operate for 10 hr on one tank (27.3 L) of gasoline. There was no 
vibration detected from the generator inside of the trailer and straws were packaged and frozen 
properly. 
Investment and Trip Costs  
Investment costs were expressed as those being required for the mobile laboratory or 
required for processing of three levels of automation (Table 3.4). Mobile laboratory costs were 
primarily for the furniture-type items needed to provide sufficient storage and workspace capable 
of processing the required number of straws per day. Investment costs for the mobile laboratory 
ranged from US$5,778 to US5,895 for private groups and US$5,307 to US$5,414 for public 
groups. After processing equipment was included, capital investment costs ranged from 
US$13,547 to US$103,498 for private groups and US$12,431 to US$94,862 for public groups. 
For the hypothetical aquaculture production scenario, the total variable cost ranged from 
US$3,975 to US$12,557 for the private group and US$4,298 to US$14,566 for the public group 
(Table 3.5). After the addition of fixed costs, the total cost per trip ranged from US$5,460 to 
US$12,752 for private groups and US$5,007 to US$14,672. The breakeven cost per straw ranged 
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Table 3.4. Capital costs for assembly and integration of a mobile laboratory into an existing cryopreservation facility at different levels 
of automation. Unit price (US$) is the mean of 2-3 price quotes from various vendors and equipment suppliers in 2015 and 2016. 
Item 
Unit 
price 
Useful 
lifetime 
Level of automation 
Manual Semi-automated Fully automated 
Mobile laboratory      
   Cargo trailer $2,933  7    $2,933 $2,933 $2,933 
   Laboratory cabinet workbench 474 8       474      474      474 
   Shelving unit (0.9 X 0.5 X 0.9 m) 57 10         57        57      113 
   Tent (2.4 m X 2.4 m) 124 6       124      124      124 
   Table (3 m) 60 10         60        60        60 
   Generator (5500 watts or more) 659 10       659      659      659 
   Utility cart (1 m X 0.7 m) 143 10       143      143      143 
   Moving dolly (454 kg) 19 10         38        56        75 
       Subtotals     $4,488        $4,506          $4,581 
Miscellaneous (5%)         224      225     229 
Depreciation         595      596     604 
Sales tax (10%)         471      473     481 
Total investment (mobile laboratory only)            Private    $5,778  $5,800 $5,895 
            Public    $5,307  $5,327 $5,414 
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(Table 3.4 continued) 
Item 
Unit 
price 
Useful 
lifetime 
Level of automation 
Manual Semi-automated Fully automated 
Processing equipment      
High-capacity shipping dewar (35 L) $1,584 10  $1,584 $1,584 $1,584 
Supply case        85 10  85      169      254 
Controlled-rate freezer 34,722 10  --ᵃ 34,722 34,722 
Automated packager 36,490 10  --ᵃ        --ᵃ 36,490 
Vacuum pump (20" Hg)      295 10  --ᵃ        --ᵃ      295 
Liquid nitrogen freezing tank (120 L)   3,251 10  3,251    3,251   3,251 
Liquid nitrogen transfer hose      248 10  248       248      248 
Thermometer (digital, hand-held, -73 to 260°C)      238 5  238       238      238 
Portable balance (3,000 - 4,000g max, 0.1 g readability)      512 10  512       512      512 
Data logger (hand-held, 5 inputs)      153 10  153         --ᵃ        --ᵃ 
Serological pipetting device (10 mL)       31 10  31         31        31 
Serological pipetting device (25 mL)       41 10  41         41        41 
Cryo-gloves     182 5  182       363      545 
       Subtotals   $6,143 $40,796       $77,666 
Miscellaneous (5%)    307      2,040   3,883 
Depreciation    674      4,176  7,899  
Sales tax (10%)    645      4,284  8,155  
Total investment (trailer & processing)  
             
Private $13,547 $57,095     $103,498 
   Public $12,431 $52,339       $94,862 
ᵃEquipment not needed
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Table 3.5. Total variable cost, total fixed cost, and total cost per trip for the hypothetical 
aquaculture production scenario for hybrid catfish at three levels of automation.   
Items 
Level of automation 
Manual Semi-automated Fully automated 
Labor  
 
 
Researchers $2,240 $800 $480 
Technicians $1,792 $640 $384 
Fringe benefits $1,075 $384 $230 
Travel  
 
 
Vehicle use $255 $255 $255 
Lodging $3,900 $1,200 $600 
Per diem $2,352 $840 $504 
Supplies (private and public)  
 
 
Fuel (generator) $187 $58 $29 
Extender $3 $3 $3 
Cryoprotectant $9 $9 $9 
Straws $602 $602 $602 
Plastic ware $326 $326 $326 
Other supplies $501 $489 $486 
Subtotals  
 
 
Labor (private) $5,107 $1,824 $1,094 
Labor (public) $5,107 $1,824 $1,094 
Travel (private) $4,155 $1,455 $855 
Travel (public) $6,507 $2,295 $1,359 
Supplies (private and public) $1,628 $1,486 $1,454 
Private contingency (10%) $1,089 $476 $340 
Public contingency (10%) $1,324 $560 $391 
Supply and hotel sales tax (10%) $578 $294 $231 
Total variable cost  
 
 
Private $12,557 $5,535 $3,975 
Public $14,566 $6,165 $4,298 
Total Fixed Cost  
 
 
Private (Loan based) $194 $819 $1,485 
Public (Depreciation) $106 $398 $709 
Total cost per trip  
 
 
Private $12,752 $6,355 $5,460 
Public $14,672 $6,563 $5,007 
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from US$0.9 to US$2 for private groups and US$0.8 to US$2.3 for public groups. The gross 
revenue ranged from US$8,190 to US$19,128 for private groups and US$7,511 to US$22,008 
for public groups.  
The total variable cost for the hypothetical repository development scenario ranged from 
US$5,161 to US$5,272 for the private groups and US$6,158 to US$6,260 for the public groups 
(Table 3.6). With the addition of fixed costs, the total cost per trip ranged from US$5,466 to 
US$6,645 for private groups and US$6,366 to US$6,866 for public groups. For private groups, 
the breakeven cost per unit ranged US$8.52 to US$10.36, and for public groups it ranged from 
US$9.92 to US$10.70. The gross revenue ranged from US$8,200 to US$9,968 for private groups 
and US$9,548 to US$10,299 for public groups.  
Discussion 
  High-throughput processing and automated equipment for livestock sperm 
cryopreservation have been adopted into protocols for shellfish (e.g., Pacific oyster Crassostrea 
gigas and Eastern oyster Crassostrea virginica) (Dong et al. 2007, Yang et al. 2012) and 
multiple fish species (Hu et al. 2016, Lang et al. 2003, Roppolo 2000).  With the growing 
demand for cryopreservation and high-throughput processing of aquatic species germplasm 
(Asturiano et al. 2016, Tiersch et al. 2012), a self-contained approach is needed that could be 
scalable to accommodate the needs of specific user groups (e.g., aquaculture, biomedical 
research, imperiled species, or wild fisheries). Currently, most cryopreservation processing 
begins by transporting the organism or sperm samples to a centralized facility. During 
transportation, these organisms can die or be compromised due to poor water quality or disease  
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Table 3.6. Total variable cost, total fixed cost, and total cost per trip for the hypothetical 
repository development scenario for Xiphophorus spp. at three levels of automation.   
Items 
Level of automation 
Manual Semi-automated Fully automated 
Labor    
Researchers $800 $800 $800 
Technicians $960 $960 $960 
Fringe benefits $368 $368 $368 
Travel    
Vehicle use $255 $255 $255 
Lodging $1,600 $1,600 $1,600 
Per diem $1,120 $1,120 $1,120 
Supplies (private and public)    
Fuel (generator) $0 $0 $0 
Extender $1 $1 $1 
Cry0protectant $2 $2 $2 
Straws $332 $332 $332 
Plastic ware $150 $64 $64 
Other supplies $102 $95 $95 
Subtotals    
Labor (private) $2,128 $2,128 $2,128 
Labor (public) $2,128 $2,128 $2,128 
Travel (private) $1,855 $1,855 $1,855 
Travel (public) $2,975 $2,975 $2,975 
Supplies (private and public) $588 $495 $495 
Private contingency (10%) $457 $448 $448 
Public contingency (10%) $569 $560 $560 
Supply and hotel sales tax (10%) $244 $235 $235 
Total variable cost    
Private $5,272 $5,161 $5,161 
Public $6,260 $6,158 $6,158 
Total fixed cost    
Private (loan based) $194 $819 $1,485 
Public (depreciation) $106 $398 $709 
Total cost per trip    
Private $5,466 $5,980 $6,645 
Public $6,366 $6,555 $6,866 
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issues, or sperm samples can be degraded by temperature fluctuations, mishandling, or biological 
limitations (Tiersch 2011, Watson et al. 2010, Wynne and Wurts 2011).  
Recreational charter fishing boats and fishing tournaments have proven to be an available 
source for the collection of sperm samples from a variety of saltwater species (Caylor et al. 1994, 
Riley et al. 2004, Roppolo 2000). Often anglers can provide high quality sperm from a diversity 
of species by use of traditional icing and storage methods (Riley et al. 2008). The bottlenecks in 
the processing of such samples have been the location and scalability. Charter boats and 
tournaments are often located in remote locations and anglers often do not return to the dock 
until evening. This can result in samples not being shipped until the day after collection, or 
cryopreservation personnel having to work long hours. After samples arrive at the 
cryopreservation facility, only small amounts of sperm can be cryopreserved in a day without 
commercial high-throughput capabilities.  The availability of on-site high-throughput 
cryopreservation removes these constraints and allows for high quality samples to be processed 
the same day the fish or sperm are collected. This work demonstrated that an enclosed cargo 
trailer could be customized for use as a functional mobile laboratory with the use of routine 
furniture products (i.e., workbench, tent, shelving unit) from readily available sources, and a 
generator can be used to power equipment when building electricity is not available. This 
provides the ability to operate in 3 different scenarios that are commonly encountered while 
working onsite.   
The use of widely available furniture products allows flexibility in assembling mobile 
laboratories. With an initial investment cost of approximately US$13,547 for private groups and 
US$12,431 for public groups to construct a mobile laboratory with manual capability, more 
opportunities can be created to collect germplasm from new sources. Depending on the needs of 
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the user group, automated processing equipment (automated straw packagers and computer-
controlled freezers) can be purchased. This will significantly increase the initial capital 
investment costs, but the ability to process more samples in a day can help decrease labor and 
travel costs per trip. In addition, cost per unit of production decreases as the level of production 
increases (Caffey and Tiersch 2000). This can be shown in the aquaculture production scenario. 
The total variable cost per trip to cryopreserve 60 catfish was estimated to be US$12,752 for 
private groups and US$14,672 for public groups with manual capability. With fully automated 
capability, it was estimated to take 3 days compared to 14 days for manual, decreasing labor 
costs from US$5,107 to US$1,094 for both groups. Travel costs for hotel and per diem (public 
groups only) also decreased from US$3,900 to US$600 for private groups and US$6,252 to 
US$1,104 for public groups. One negative to investing in fully automated equipment is the 
increase in fixed cost as private groups would have a higher loan amount and public groups 
would have an increase in depreciation costs. As stated above, purchasing automated equipment 
to process large bodied fishes (e.g., Blue Catfish) can be economical as a single male can 
produce more than 100 straws, but when working with small fish (e.g., Xiphophorus) investing in 
automated equipment might not be as economical as a single male can only produce 1 or 2 
straws and larger scale pooling of samples would be needed to produce sufficient volumes for 
automated packing. For the repository development scenario, the total cost per trip increased 
from manual operations to fully automated operation for both groups. Total variable cost did 
decrease from manual to fully automated as more straws could be frozen at a time, but the fixed 
cost also increased resulting in a higher total trip cost. There was not an advantage to having an 
automated packager as straws could still be packaged by hand.  
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Another difference between the processing of large fishes and small fishes is the 
breakeven cost per straw. In the hypothetical processing of 60 Blue Catfish, 6,300 straws were 
produced with the lowest breakeven of US$0.8 per straw. With a 50% margin, each straw would 
cost US$1.20 for the consumer. For the processing of 500 Xiphophorus, only 641 straws were 
produced with the lowest breakeven of US$8.52. With the same margin, each straw would cost 
US$12.78. There are still many unknowns about the market for the commercialization of aquatic 
germplasm. One of these unknows is the willingness of customers to pay for the services or 
straws, and what the profit margin should be set at. There is currently no basis as to what percent 
profit margin should be applied for aquatic cryopreservation services. Instead of pricing by the 
straw, consumers could be charged by the number of males or other factors.    
Despite the cryopreservation of livestock and fish sperm being first achieved around the 
same time more than 60 years ago (Blaxter 1953), livestock cryopreservation has become a 
multi-million dollar global industry while aquatic application has remained largely at the 
research scale (Hu et al. 2011). Mobile laboratories could provide the platform for development 
of a commercial industry for aquatic germplasm. There are currently no custom collection 
services offered for aquatic species. Custom collection services have been used in the livestock 
industry for decades. These programs collect, process, ship, and store livestock sperm for all 
users. Customers simply drop off their animal and the collection facility handles all other 
business. A mobile laboratory with high-throughput on-site cryopreservation capabilities could 
provide the opportunity for collection businesses to open and offer cryobanking services for 
commercial aquaculture or the management of imperiled species (Asturiano et al. 2016, Lang et 
al. 2003).  
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A number of reasons, including the lack of standardization, available training, and 
perceived high cost continue to prevent cryopreservation from being integrated into new user 
groups and programs (Torres et al. 2016). Outreach could be a powerful demonstration tool that 
the mobile laboratory can offer. Standardized training programs, such as the Certified Semen 
Services, Inc. (CSS; http://www.naab-css.org, accessed 28 December 2016) in the livestock 
semen industry, can be developed within aquatic species communities and could be offered as a 
traveling service to standardize cryopreservation methods and devices among new and current 
user groups. Freezing devices developed with new 3-D printing technologies could be used and 
incorporated into training and production programs (Tiersch and Monroe 2016). These freezing 
devices are inexpensive, can be standardized across users, and can help users gain access into the 
field (Hu et al. 2017). This approach of standardization could help link users and provide a 
pathway to assist in aggregate high-throughput production for repository development (Torres et 
al. 2016).  
Conclusions 
In this study, a self-contained mobile laboratory was developed to provide high-quality 
processing comparable to a specialized central facility. A cost spreadsheet model was also 
created as a decision-making tool for the commercial application of aquatic cryopreservation. 
This tool allows users to input many variables related to production assumptions and information 
about the fish to help estimate the cost and pricing of cryopreservation services. The resulting 
mobile laboratory can be operated at a wide variety of locations, using the same equipment and 
following the same protocols as used at a central facility, and can collect high quality data for 
sperm (e.g., motility, concentration), blood or other tissue samples, and environmental conditions 
(e.g., water quality, location) that central facilities and field cryopreservation studies were 
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previously unable to collect. As more mobile laboratories are built, a community can be created 
sharing improvements and helping to standardized or and improve efficiency of sample 
collection and processing. Samples can be processed and cryopreserved within hours of 
collection, reducing variability among samples due to duration of storage (Torres et al. 2016). 
This alternative approach was also intended to provide a platform to assist repository 
development and gain access to resources that could not be adequately protected with past 
methods. 
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Chapter 4 
Use of a Mobile Laboratory for Cryopreservation of Blue Catfish (Ictalurus 
furcatus), Xiphophorus, and Red Snapper (Lutjanus campechanus) at Remote 
Locations 
 
 Most aquatic cryopreservation studies to date are laboratory based and follow the 
research pathway of protocol development (Tiersch 2011a), with commercial-scale efforts only 
beginning in recent years. These studies rely on the transport of fish or sperm samples to a 
central cryopreservation facility. However, transport fish to or samples to a cryopreservation 
facility is often costly and stressful to the fish and damaging to the sample. Holding fish for as 
long as 2 wk after arrival can help in collecting higher-quality spermatozoa (Torres et al. 2016) 
but increases the cost with housing and daily maintenance and the risk of disease outbreaks. If 
cryopreservation is to succeed at a commercial scale or in repository development, other 
approaches of collection and cryopreservation need to be made available to meet the needs of 
current users and to access species that current collection methods cannot address.  
As an effort to extend the utility of sperm cryopreservation, field techniques have been 
developed for multiple species with the use of shipping dewars (Harvey et al. 1998, Wayman 
1996, Tiersch et al. 1998). The World Fisheries Trust (WFT) began developing field 
cryopreservation methods in the 1990s to freeze sperm from a variety of warmwater and 
coldwater species (Harvey 2011). To accomplish this, the WFT traveled with a field kit that 
contained various-sized straws, cryoprotectants, field notebooks, and shipping dewars. 
Collection and cryopreservation took place exclusively in the field and sperm was immediately 
frozen at riverside. Using this method in 1995 and 1996, the WFT cryopreserved 2,000 samples. 
But despite these accomplishments, quality control activities and biosecurity were often excluded 
during these efforts (Harvey et al. 1998).   
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In any industrial setting, the foundation for operations is provided by quality control 
quality assurance, and biosecurity activities (Torres et al. 2016). Quality control activities can 
include motility and cell concentration estimations, membrane integrity assessment, are disease 
screening. These activities help increase the replicability and consistency of sample quality 
among laboratories and institutions. This is a key component for the development of germplasm 
repositories (Torres et al. 2016). Biosecurity programs for cryopreservation not only have to 
account for disease transmission, introduction of exotic species, and potential genetic 
consequences in the present, but also account for them across time as samples are thawed and 
used in the future (Tiersch and Jenkins 2003). Improper sample storage in the field or 
transportation to and from working locations could increase the possibility of negative outcomes. 
Also, because most fish release sperm and eggs directly into the water to spawn, biosecurity 
needs to include the surrounding environment (Tiersch and Jenkins 2003).     
Despite starting around the same time as aquatic cryopreservation, the distribution of 
livestock germplasm has become a billion-dollar global industry and aquatic application has not 
yet been commercialized. This lag behind the livestock industry can be attributed to a lack of 
standardization in methods and reporting, and lack of general acceptance of cryopreservation as a 
useful tool (Torres et al. 2016). For livestock, optimal sperm concentrations and freezing 
protocols have been standardized, and automated equipment has been developed. As an effort to 
extend the utility of sperm cryopreservation, protocols and equipment used in the livestock 
industry have been adopted for aquatic species (Hu et al. 2016, Lang et al. 2003, Roppolo 2000). 
This equipment incudes automated filling, sealing, labeling, and freezing systems. The use of 
high-throughput cryopreservation equipment provides consistent products with predictable 
output by maintaining quality control.  
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During 2015 and 2016, a high-throughput mobile cryopreservation laboratory was 
deployed into the field for use with aquatic species. The overall goal of this project was to work 
with different user groups and cryopreserve on-site at their facilities to evaluate the uses and 
challenges of a mobile laboratory with high-throughput and quality control capabilities 
comparable to those of a centralized facility. The objectives were to: 1) cryopreserve large-
bodied freshwater Blue Catfish (Ictalurus furcatus) for aquaculture; 2) cryopreserve small-
bodied freshwater Xiphophorus for biomedical and imperiled repository development, and 3) 
cryopreserve saltwater Red Snapper (Lutjanus campechanus) for wild fisheries research. To our 
knowledge this is the first published report of a comprehensive fully enclosed mobile laboratory 
with the capability of traveling to facilities and cryopreserve aquatic germplasm on a small scale 
or commercial scale with full quality control and biosecurity. 
Methods 
Mobile Laboratory 
The mobile laboratory used during this project (described in Chapter 3) consisted of a 
fully enclosed cargo trailer equipped with a workbench, folding table, and shelving unit. A 
Mobile Laboratory Client and Site Assessment form (Appendix B) was filled out for each trip. 
Specific equipment and supplies were loaded into the mobile laboratory based on the information 
provided from the form for each trip and brought to the on-site facility.  
Blue Catfish 
 A single trip was made each year in May 2015 and 2016 to the USDA-ARS Catfish 
Genetics Research Unit in Stoneville, MS to cryopreserve sperm from males of four strains 
(D&B, Mississippi River, Rio Grande, Texas) of Blue Catfish. Fish were killed by a blow to the 
head, weighed, and measured. The testes were removed by dissection and the anterior portioned 
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of each testis was placed into a tared weight boat with Hanks’ balanced salt solution at an 
osmolality of 300 mOsmol/kg (HBSS300, Appendix A, SOP-1). The testes were weighed, 
HBSS300 was added at two times the testis mass (g), and the testes were crushed in the middle 
of a 15.24 cm x 15.24 cm piece of window screen in the weight boat. This suspension was 
filtered through a 200-µ mesh screen into a 50-mL centrifuge tube (Reference number: 06-443-
18, Fisherbrand™, Waltham, MA).  
Cell concentration and motility were measured using a Makler® counting chamber (Sefi-
Medical Instruments, Haifa, Israel) at 200- magnification (Olympus CX41RF, Japan). Motility 
was measured at 3 time points in the cryopreservation process: 1) “initial motility” before 
cryoprotectants were added (< 1 hr after collection); 2) “equilibration motility” at time initiation 
of freezing after cryoprotectants were added, and 3) “post-thaw motility” after samples were 
thawed. A 1:19 (v:v) dilution was created for each male by adding 15 µL of sperm to 285 µL of 
HBSS300 in a 1.5-mL (Reference number: 05-408-129, Fisherbrand™, Waltham, MA) 
centrifuge tube. From this dilution, 1µL was placed onto the counting chamber and concentration 
was estimated by counting the number of sperm cells in 3 random squares. The equation used 
was: sperm concentration in millions per mL = (average of the 3 squares counted × 20 ×106). For 
motility, 19 µL of filtered deionized distilled water was placed onto the counting chamber to 
activate 1 µL of sperm. The sample was observed for the number of motile sperm (actively 
swimming forward) in one square compared to the number of non-motile sperm in the same 
square. This measurement was collected for 3 squares and the average motile, average non-
motile, and total number of sperm were calculated. A percentage was estimated by using the 
following equation: percent motility = (average motile ÷ total number of sperm) × 100. If 
samples were higher than a concentration of 2×109 cells/ml the proper amount of HBSS300 was 
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added to reach this concentration. If it was below, nothing was done and the concentration was 
recorded. A sample from each male was also stained and fixed (Appendix A, SOP-6) using an 
amine reactive dye (LIVE/DEAD® Fixable Red Dead Cell Stain Kit, for 488 nm excitation, 
Molecular Probes, Eugene, OR) and formalin to be later assessed by flow cytometry (Torres and 
Tiersch 2016). 
Samples were frozen following an established protocol with minor modifications to the 
equilibration time and cooling rate (Hu et al. 2011). For each male, ≤ 15 mL of sperm suspension 
was added to a new 50-mL centrifuge tube followed by the same volume (1:1) of premade 20% 
methanol creating a final cryoprotectant concentration of 10% and sperm concentration of 1×109 
(or lower depending on the original concentration). After mixing, samples were loaded into pre-
printed 0.5-mL French straws (IMV Technologies, Paris, France) and sealed using an automated 
straw filling and sealing machine (MRS1, IMV Technologies, Paris, France). Straws were placed 
onto freezing racks and loaded into a computer-controlled freezing chamber (In 2015: Micro 
Digitcool, IMV Technologies, Paris, France; In 2016: IceCube 14M, SY-LAB, Neu-purkersdor, 
Austria) (Table 4.1). After an equilibration time of 15 min (i.e., the time allowed for the 
cryoprotectant to interact with the sample), the straws were cooled at a rate of 10°C/min from 
4°C to -80°C, held for 5 min, and transferred into an open vessel filled with liquid nitrogen. The 
straws were sorted into 12-compartment daisy goblets (Reference number: 015152, IMV 
Technologies, Paris, France) and stored in a shipping dewar (MVE Cryomoover, Chart Industries 
Inc., Ball Ground, GA). After returning to the Aquatic Germplasm and Genetic Resource Center 
(AGGRC), two straws from each male were thawed in a water bath at 40°C for 8 s. Post-thaw 
motility was assessed as described above. 
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Table 4.1. Features of the Micro-Digitcool and the IceCube 14M freezers. 
Features Micro-Digitcool IceCube 14M 
Chamber volume 26 L 36 L 
Outside dimensions (L x W x H) 23.6" x 15" x 20.5" 24.8" x 20.08" x 21.65" 
Weight 38 kg 39 kg 
Capacity 240 French straws 2,760 French straws 
Nitrogen use per cycle 6 to 8 L NAᵃ 
Voltage 220 V 115 V 
ͣ Information not available 
 
 
Xiphophorus 
One trip was made in July of 2015 to the Xiphophorus Genetic Stock Center at Texas 
State University in San Marcos, TX to cryopreserve sperm from eleven species in the genus 
Xiphophorus. Based on the goal for this trip a flow cytometer (BD Accuri C6, BD Biosciences, 
San Jose, CA) and dark-field microscope with charge-coupled device (CCD) camera (Sony XC-
ST50, Japan) were included in the equipment list. Fish were anesthetized on ice for at least 1 
min, placed onto a paper towel, and blotted dry. Standard length (mouth to base of the tail), body 
weight, and gonopodium length were recorded followed by removal of the testes while vewing 
with a stereo microscope (Motic, British Columbia, Canada). The testes were placed into tared 5-
mL centrifuge tubes (Reference number: T2076A, Argos Technologies, Elgin, IL) containing 
100 µL of HBSS300 for weighing. All testes of the same species, strain, and phenotype (if 
applicable) were pooled into a 5-mL centrifuge tube. After all fish were dissected for each 
pooling group, HBSS300 was added at a volume (µL) approximately 30 times the total testis 
weight (mg) and testis were crushed to release sperm. After crushing, large tissue was removed.  
Motility and cell concentration were measured simultaneously using a dark-field 
microscope at 200- magnification. A 5 µL of sample was placed onto a Makler® counting 
chamber and measurements were recorded as described above.  Percentage motility was  
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estimated by using the following equation: percent motility = 
(average motile ÷ total number of sperm) × 100. Cell concentration was estimated by using the 
equation: sperm concentration in millions per mL = (average of the 3 squares counted × 106.) 
Samples were adjusted to 2×108 cell/ml. A 10 µL sample from each pooled group was also taken 
to be stained with SYBR-14 and propidium iodide (PI) (PI/SYBR-14) (LIVE/DEAD® Sperm 
Viability Kit, cat. No. L-7011, Molecular Probes, Eugene, OR) for flow cytometric analysis of 
cell membrane integrity (Appendix A, SOP-5) (Daly and Tiersch 2011). 
Samples were frozen following an established protocol (Yang et al. 2007). Sperm 
suspensions from each pooling were mixed with equal volumes (1:1) of 28% glycerol in 
HBSS300 to achieve a final cryoprotectant concentration of 14% and sperm cell concentration of 
1×108. They were loaded into 0.25-mL French straws (IMV Technologies, Paris, France) using a 
1-mL syringe, sealed with an ultrasonic sealer (Ultraseal 21, Minitube of America, Inc., Verona, 
WI), and placed into a computer-controlled freezing chamber (Micro Digitcool) at 4°C. After an 
equilibration time of 15 min, the straws were frozen at a rate of 20°C/min from 4°C to -80°C, 
held for 5 min, and transferred into an open vessel filled with liquid nitrogen. The straws were 
sorted into 12-compartment daisy goblets and stored in a shipping dewar (MVE Cryomoover). 
After returning to AGGRC, 1 straw from each male were thawed in a water bath at 40°C for 8 s. 
Post-thaw motility was assessed as described above. 
Red Snapper 
 Two trips were made in June and July of 2015 to the Louisiana Universities Marine 
Consortium (LUMCON) facility in Chauvin, LA to collect red snapper during the natural 
spawning season. During this study, sperm samples were collected from fish caught on a 
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broodstock collection trip and from a recreational fishing boat off the coast of Louisiana. Fish 
caught on the recreational fishing boat were placed on ice after capture and were sampled within 
6 hr at Coco Marina (Cocodrie, LA). Fish caught on the broodstock collection trip were placed in 
a 450-L oxygenated live-well filled with ~35 ppt seawater at the collection site and brought back 
to LUMCON. Upon return, a 500 IU/kg priming dose of human chorionic gonadotropin (HCG) 
(Chorulon, Intervet, Millsboro, DE) was injected intramuscularly (Riley et al. 2004). Fish were 
placed in a recirculating tank and held at 25-27°C and 30-35 ppt. At ~18 h after injection, fish 
sex was identified and all males were killed. To collect sperm samples, testes were dissected, 
placed into quart Ziploc bags (S.C. Johnson and Son, Inc., Racine, WI), and held on ice until all 
fish were processed (less than 1 h). Testes were removed from the bag, blotted dry with a paper 
towel, weighed, and sliced to release sperm. Sperm was collected into 50-mL centrifuge tubes 
(Reference number: 06-443-18, Fisherbrand™, Waltham, MA) and diluted with calcium-free 
Hanks’ balanced salt solution at an osmolality of 200 mOsmol/kg (C-F HBSS200, Appendix A, 
SOP-1) at a 1:3 (v:v) ratio (Riley et al. 2008).  
Samples were frozen following an established protocol with modifications to the cooling 
rate (Riley et al. 2004). Cell Concentration and motility were measured using a dark-field 
microscope at 200- magnification (Appendix A, SOP-3 and 4). Samples were adjusted to a cell 
concentration of 2×109. A 20% dimethyl sulfoxide (DMSO) solution was mixed at a 1:1 (v:v) 
ratio for each sample to achieve a final DMSO concentration of 10% and cell concentration at 
1×109. While equilibrating for 20 min, samples were packaged and sealed in 0.5-mL straws 
using an automated processor (MRS1). After equilibration, straws were frozen in a Micro-
Digitcool at 40°C/min. Straws were sorted into 12-compartment daisy goblets and stored in a 
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shipping dewar (MVE Cryomoover). After returning to the AGGRC, 2 straws from each male 
were thawed in a water bath at 40°C for 8 s. Post-thaw motility was assessed as described above. 
Results 
Blue Catfish 
A total of 78 blue catfish (20 D&B, 19 MS River, 20 Rio Grande, 19 Texas) were 
processed during 2015 and 58 blue catfish (20 D&B, 20 MS River, 17 Rio Grande, 1 Texas) 
were processed during 2016 (Table 4.2). Day 1 included traveling to the USDA Catfish Genetics 
Research Unit (~460 km) and equipment setup. Upon arrival, all equipment was ready for 
processing within 1 hr. Two fish were processed on Day 1 to test the high-throughput equipment. 
During 2015, 38 fish were processed on Day 2, 25 fish were processed on Day 3, and 13 fish 
were processed on Day 4. During 2016, 56 fish were processed on Day 2. There were 3,642 0.5-
mL French straws produced in 2015, and 2,504 straws produced in 2016. Initial motility of fresh 
sperm from all strains was 34±12% (mean ± SD). Post-thaw yielded a motility of 8±4%. Initial 
motility of fresh sperm from all strains was 41±17%. Post-thaw yielded a motility of 12±8%. 
Four technicians were needed for each trip.  
Xiphophorus 
A combination of 11 species created a total of 521 males processed in 4 d (Table 4.3). 
Day 1 included traveling to the Xiphophorus Genetic Stock Center (~697 km) and setting up of 
all equipment inside the Center (Figure 4.1). Processing started on Day 2 with 211 fish, followed 
by 245 fish on Day 3, and 65 fish on Day 4. Only X. nigrensis was not able to be cryopreserved 
because of poor initial sperm quality (less than 5% motility). A total of 488 0.25-mL French  
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Table 4.2. The number of males, motility percentage (mean ± SD), and number for straws produced for each strain of Blue Catfish 
(Ictalurus furcatus). Initial motility was the motility of the sperm suspension before the addition of cryoprotectant. Equilibration 
motility was the motility of the sperm suspension after the 15-min equilibration time. Post-thaw motility was the motility after thawing 
at 40°C for 8 s.   
Year Strain 
Males 
processed 
Initial 
motility 
Equilibration 
motility 
Post-thaw 
motility 
Post-thaw 
viability 
Straws 
produced  
2015 D&B 20 28% 22% 6 ±   3% --a 923 
 Rio Grande 20 27% 21% 7 ±   3% --
a 954 
 Mississippi River 19 43% 35% 11 ±   5% --
a 915 
 Texas 19 39% 30% 8 ±   4% --
a 850 
2016 D&B 20 33% 29% 8 ±   4% 20% 706 
 Rio Grande 18 34% 29% 12 ±   5% 23% 749 
 Mississippi River 20 57% 46% 14 ± 10% 25% 1018 
  Texas 1 25% 37% 7 ±   2% 53% 31 
            a Not recorded 
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Table 4.3. The number of males, motility percentage (mean ± SD), and number for straws produced for each species, strain and 
phenotype (if applicable) for the genus Xiphophorus. Initial motility was assessed before the addition of cryoprotectant. Equilibration 
motility was the motility of the sperm suspension after the 20-min exposure prior to freezing. Post-thaw motility was the motility after 
thawing at 40°C for 8 s.   
Scientific name Strain Phenotype 
Males 
processed 
Initial 
motility 
Equilibration 
motility 
Post-thaw 
motility 
Post-thaw 
viability 
Straws 
produced 
X. maculatus JpYlr -- 27 77% 65% 56% 14% 56 
X. maculatus YSdSr -- 38 83% 76% 42% 15% 26 
X. maculatus JP163B -- 138 84% 75% 81% 14% 86 
X. maculatus JpYlrBr -- 13 79% 59% 76% 13% 4 
X. maculatus Ysp -- 13 82% 88% 43% 9% 8 
X. xiphidium SC ct ct 22 63% 47% 44% 25% 24 
X. variatus Encino  X+Y+ 28 82% 70% 47% 23% 8 
X. couchianus Xc -- 40 62% 62% 27% 14% 13 
X. andersi andC -- 67 80% 67% 73% 23% 26 
X. helleri Bel -- 15 77% 82% 68% 60% 10 
X. pygmaeus pyglll Ty 21 34% --a 0% 2% 5 
X. pygmaeus pyglll + 11 77% 59% 24% 9% 1 
X. birchmanni birchll cam 17 84% 67% 60% 18% 7 
X. birchmanni birchll + 9 77% 74% 83% 33% 9 
X. montezumae OjoCal -- 13 82% 84% 68% 52% 3 
X. milleri mil82 X-Srf Y-Gnl 7 84% 80% 66% 45% 1 
X. milleri mil82 X+ Y-Gnl 7 85% 88% 68% 46% 1 
X. milleri mil82 SplyArGnD 12 79% 67% 60% 34% 9 
X. gordoni gordoni -- 5 <5% --
b --b --b 0 
X. nigrensis nigrn Cb 18 <5% --
b --b --b 0 
a Motility not recorded, b Samples were not processed  
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Figure 4.1. Setup of the major processing stations at the Xiphophorus Genetic Stock Center: A) 
dissection; B) motility and concentration; C) membrane integrity, and D) Freezing. 
. 
straws were produced. Initial motility for all combined species was 76 ± 12% with a post-thaw 
motility of 55 ± 22%. Five technicians were utilized.  
Red Snapper 
 A total of 17 males were processed using high-throughput equipment from both trips 
(~200 km) producing a total of 316 0.5-mL French straws. Twelve of the males were processed 
and sperm frozen inside the mobile laboratory and the other five processed in an existing 
laboratory inside LUMCON. Initial motility for all males was 60 ± 15% with a post-thaw 
motility of 16 ± 13%. One technician was used for both trips.   
  
76 
 
Discussion 
Typically, interaction between user groups and a cryopreservation facility is limited to 
the exchange of fish or sperm samples. Efforts, such as repository development, could benefit in 
multiple ways from outreach efforts (e.g., cryopreserving samples at the user groups facility). 
Higher quality samples could be collected on-site because of avoiding the stress caused by 
shipment and increased handling. Genetic (i.e., blood or tissue samples) and environmental (i.e., 
water quality, location) data could be collected, and information, such as methods and 
terminology, could be exchanged between user groups and cryopreservation personnel. As a 
result of this information exchange, user groups could begin to cryopreserve their own samples 
in a standardized and harmonized fashion, contribute to repository development, and build 
germplasm user communities. With enough user groups contributing, repositories could be 
supplied with thousands of standardized samples. Community development can lead to the 
exchange of ideas, and new devices could further increase standardization and harmonization. In 
the present study, a mobile laboratory with high-throughput capability was field tested for the 
on-site cryopreservation of Blue Catfish, eleven species in the genus Xiphophorus, and red 
Snapper to being realization of these concepts.  
Post-thaw motility for all trips in this study were comparable to that reported in previous 
studies, although the focus was on the utility and high-throughput capability of the mobile 
laboratory and not on testing of specific cryopreservation protocols (i.e., cryoprotectant, cooling 
rate). As previous stated, previous on-site cryopreservation efforts were successful at a small 
scale but lacked quality control. Over the course of this project, more than 6,500 French straws 
were produced with the same quality control and biosecurity of a centralized facility. The use of 
a mobile laboratory allowed fresh samples to be collected and frozen during the same day. 
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Motility and cell concentration estimations could be recorded within hr of collection along with 
flow cytometry analysis. Fish did have to be transported and held before processing, and sperm 
samples were not shipped overnight risking loss in quality (Tiersch 2011b). Without the 
limitations of the number of fish that can be transported or sperm samples shipped, larger 
numbers of samples could be processed. Cryopreserving on-site also provides the opportunity for 
fertilization trials when eggs are available, such as at a hatchery.  
Not transporting fish also eliminated the risk of introducing non-native fish to different 
regions (Zajicek et al. 2009), and lowered the risk of introducing diseases and pathogens to the 
central cryopreservation facility (Watson et al. 2010, Wynne and Wurts 2011). Biosecurity 
programs can be developed for the mobile laboratory to facilitate the movement of samples from 
the cryopreservation site, to the central facility, and out to another user. The movement of 
samples between dewars should be limited and carefully recorded. Only properly sealed and 
labeled samples should be stored, and all others discarded properly. Precautions should be taken, 
such as completely washing the mobile laboratory at a separate facility (e.g., a commercial 
carwash) before and after each trip, to decrease potential for disease transfer. This should include 
cleaning the inside and outside. If possible, equipment and supplies should be stored at the 
central facility away from healthy fish populations, and when working inside an on-site facility, 
equipment should be cleaned before packing into the mobile laboratory.  
Safety is an important consideration when traveling and working with liquid nitrogen. 
Precautions should be the same as working in a centralized facility (Wayman and Tiersch 2011). 
Doors to the mobile laboratory should always be held open during operation to prevent the 
accumulation of nitrogen gas. The gas is not toxic (it composes ~78% of our atmosphere) but it 
can displace oxygen. The use of a nitrogen or oxygen meter is suggested. When traveling with a 
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liquid nitrogen cylinder, the cylinder should be secured to a floor and wall fastener to prevent it 
from inadvertently tipping. Depending on the size of these cylinders, caution should be taken 
when loading and unloading from the mobile laboratory to prevent injury. 
Conclusions 
 This study deployed a mobile laboratory into the field to cryopreserve sperm of blue 
Catfish, eleven Xiphophorus species, and Red Snapper to evaluate the uses and challenges of a 
mobile capability. Based on the results of this study, on-site cryopreservation using a mobile 
laboratory provided post-thaw results comparable to previous work published. If spermatozoa 
can be collected and frozen within hours on-site where the fish are housed, cryopreservation can 
be more beneficial to the user. There have been studies adapting high-throughput technologies 
and protocols from the livestock industry to meet the demands for cryopreservation of aquatic 
sperm, but there are as of yet no high-throughput technologies developed specifically for aquatic 
species. The future growth of aquatic cryopreservation in commercialization and repository 
development requires changes in conventional thinking (Hu and Tiersch 2011). A mobile 
approach such as this could: 1) provide support in repository development for user groups 
currently unable to utilize cryopreservation, 2) provide outreach and support to user groups 
interested in developing a cryopreservation program, or 3) serve as a platform for industry 
development offering custom collection services to interested user groups.  
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Chapter 5 
Summary and Conclusions 
 Although aquatic species cryopreservation protocols have been studied around the world 
over the past 60 yr, germplasm repository development efforts and commercialization have only 
begun recently (Martínez-Páramo et al. 2017, Paiva et al. 2016). Three major bottlenecks in 
developing repositories for aquatic species are the lack of: 1) standardization, 2) quality control, 
and 3) users with the technical ability to reliably cryopreserve samples. These three bottlenecks 
are interconnected. Methods used during cryopreservation vary among users and often methods 
go unreported resulting in non-reproducible results (Tiersch et al. 2007). When methods are 
reported, lack of standardized terminology hinders comprehension of the results (Torres et al. 
2016). Quality control activities are frequently overlooked or skipped in the cryopreservation 
process.  
Sperm motility is thought to be the most important quality control characteristic, but lack 
of standardization in estimation methods can render results from different reports difficult to 
compare, thus impeding quality control efforts (Tiersch et al. 2007, Torres et al. 2016, Cabrita et 
al. 2010). Generally, cooling rates are not calculated, verified, or reported making 
standardization and quality of freezing control non-existent (Asturiano et al. 2016). These 
problems contribute to the slow development of user groups in the aquatic cryopreservation 
community. It is challenging for new users to reproduce previously reported results, and the 
misconception of cryopreservation being too expensive prevents users from further pursuing the 
technology. The goal of this thesis was to create an approach to on-site cryopreservation that 
could help remove these bottlenecks by interacting with user groups and assisting with repository 
development. This study demonstrates that germplasm collected and frozen on-site can be 
comparable to that of previous work in a specialized centralized facility. 
  
82 
 
Mobile Laboratory Design 
In the beginning of this project (Chapter 3), the construction of a mobile laboratory was 
described for the cryopreservation of aquatic species. Three working scenarios were identified 
for operation of the mobile laboratory: 1) utilizing the space and resources at a host facility; 2) 
working in the mobile laboratory with on-site power, and 3) working in the mobile laboratory 
using generator power. Computer-aided design software (CAD) was used to model the trailer and 
test different working layouts. Initial tests were carried out at the LSUAC Aquatic Germplasm 
and Genetic Resources Center. Electrical equipment used during cryopreservation was operated 
using generator power to simulate field conditions. The use of a 5,500-w generator provided 
sufficient power to operate all equipment and did not cause detectable vibration during 
microscopic evaluation of samples. A modified cost analysis was developed to outline the 
approximate costs associated with constructing a similar mobile laboratory at different levels of 
automation and to estimate what the total cost per cryopreservation trip could be depending on 
assumptions. The investment cost for a similar mobile laboratory ranged between US$5,778 and 
US$5,895 for private groups and between US$5,307 and US$5,414 for public groups. With the 
addition of processing equipment, total investment cost ranged from US$13,574 to US$103,498 
for private groups and US$12,431 to US$94,862 for public groups.  
To estimate total cost per cryopreservation trip, two application scenarios were created to 
represent the different costs associated with cryopreserving large-bodied fish and small-bodied 
fish. In the aquaculture production scenario, a total of 59 males would be cryopreserved 
producing a total of 6,300 0.5-mL French straws. In the repository development scenario, a total 
of 500 males from 5 different species in the genus Xiphophorus would be cryopreserved 
producing a total of 641 0.25-mL French straws. Based on the assumptions for the two 
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cryopreservation scenarios, investing in fully automated equipment would be more beneficial for 
user groups wanting to cryopreserve material from large-bodied fish producing large volumes of 
sperm. Total cost per cryopreservation trip for the aquaculture production scenario decreased by 
US$7,292 for private groups and US$9,665 for public groups when fully automated equipment 
was incorporated for high-throughput as a replacement of manual equipment. For the repository 
development scenario, the total cost per cryopreservation trip increased with the addition of 
automated equipment indicating that groups working with small-bodied fish producing small 
volumes of sperm could invest in a manual, low-throughput mobile laboratory.  
Incorporating automated equipment did require a higher initial investment but would save 
processing time and money. For the aquaculture production scenario, the total cost per trip at the 
manual automation level was US$12,752 for private groups and US$14,672 for public groups. 
On the assumption of a 50% profit margin, the final cost per straw was US$3 for private groups 
and US$3.5 for public groups. This resulted in profit of US$6,376 for private groups and 
US$7,336 for public groups. When fully automated equipment was used, total trip costs 
decreased to US$5,460 for private groups and US$5,007 for public groups. Keeping the same 
final cost per straw as at the manual level, private groups could profit US$13,668 and public 
groups could profit US$16,980. Based from these profits, private groups could breakeven on the 
cost for fully automated equipment (US103,498) after taking 8 trips. Public groups could 
breakeven on the cost for fully automated equipment (US94,862) after taking 6 trips.  
Field Testing 
In the second part of this work (Chapter 4), the mobile laboratory was deployed into the 
field to cryopreserve sperm of: 1) Blue Catfish (Ictalurus furcatus) for hybrid catfish production 
with female Channel Catfish (Ictalurus punctatus), 2) eleven species in the genus Xiphophorus 
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for repository development, and 3) Red Snapper (Lutjanus campechanus) for hatchery 
production (Table 5.1). All protocols employed on-site were based on those used at the central 
facility at the Aquatic Germplasm and Genetic Resources Center. Blue Catfish cryopreservation 
utilized the space and resources inside the laboratory at the USDA-ARS Warmwater Aquaculture 
Research Unit in Stoneville, Mississippi. There was a total of 136 blue catfish processed in 2015 
and 2016. This yielded a total of 6,146 0.5-mL French straws. Xiphophorus cryopreservation 
utilized the space and resources inside the laboratory at the Xiphophorus Genetic Stock Center in 
San Marcos, Texas. A total of 521 males from 11 different species were processed over 4 d in 
2015. This resulted in a total of 488 0.25-mL French straws. Red Snapper cryopreservation took 
place inside the mobile laboratory with power provided by Louisiana Universities Marine 
Consortium (LUMCON) facility in Chauvin, Louisiana, and utilized the space and resources 
inside LUMCON. Testes were collected from fish captured and donated by recreational anglers 
Table 5.1. List of species used for field testing of the mobile cryopreservation laboratory, 
including the user groups, number of males processed, and number of straws produced.  
Common name Scientific name User group 
Number of 
males  
Number of 
straws 
Blue Catfish Ictalurus furcatus Aquaculture 137 6142a 
Red Snapper Lutjanus campechanus Research 18 401 a 
Southern Platyfish Xiphophorus maculatus Biomedical  219       178 
Swordtail Platyfish Xiphophorus xiphidium Biomedical  22         24 
Variatus Platyfish Xiphophorus variatus Biomedical  28           8 
Monterrey Platyfish Xiphophorus couchianus Biomedical  40         13 
Spiketail Platyfish Xiphophorus andersi Biomedical  67         26 
Green Swordtail Xiphophorus helleri Biomedical  15         10 
Pygmy Swordtail Xiphophorus pygmaeus Biomedical  32           6 
Sheepshead Swordtail Xiphophorus birchmanni Biomedical  26         16 
Montezuma Swordtail Xiphophorus montezumae Biomedical  13           3 
Catemaco Platyfish Xiphophorus milleri Biomedical  26         11 
  Total 648    6,838 
a 0.5-mL French straws; all others were 0.25-mL French straws 
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on commercial charter operations and from a separate broodstock collection trip. There were 17 
males processed during 2015 producing a total of 316 0.5-mL French straws.   
Integration of Mobile Laboratories into Existing Programs 
Currently in the United States there are more than 300 National and State fish hatcheries 
(Figure 5.1), and there are more than 3,000 wild fish species with more than 200 designated as 
vulnerable, endangered, or critically endangered (fishbase.org, Accessed May 1, 2017). At 
present, there are only four facilities in the United States with central processing capability and a 
long-standing focus on aquatic cryopreservation: 1) United States Department of Agriculture  
Figure 5.1. Representative schematic of the Federal (circles) and State (triangles) hatcheries in 
the United States. Hatchery addresses were obtained from state parks and fisheries websites and 
the United States Fish and Wildlife Service website.  
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(USDA)-Agricultural Research Service (ARS) National Animal Germplasm Program (NAGP), 
Fort Collins, Colorado; 2) United States Fish and Wildlife Service Warm Springs Fish 
Technology Center, Warm Springs, Georgia; 3) Aquatic Germplasm and Resources Center 
(AGGRC) at Louisiana State University Agricultural Center, Baton Rouge, Louisiana, and 4) 
Zebrafish International Research Center at University of Oregon, Eugene, Oregon. With this 
limited number of cryopreservation facilities it is difficult to gather germplasm from hatcheries 
and wild populations, and it would cost millions to build new cryopreservation facilities across 
the United States. Instead of building new facilities, a program could be developed consisting of 
a fleet of mobile cryopreservation laboratories that could to be deployed across the United States 
to gather germplasm for repository development. The facilities listed above could act as stations 
for the mobile units to deploy from and to temporarily hold samples before being entered into a 
secure repository network, perhaps anchored by the USDA-ARS National Animal Germplasm 
program in Fort Collins, Colorado. For maximum effect, five mobile units could be initially 
deployed for a cost of less than US$500K. Each unit would have fully automated processing 
capabilities and could be operated by two workers. Annual production cycle calendars could be 
developed for each unit based on the spawning of species in the region to help plan 
cryopreservation activities throughout the year. 
When not collecting germplasm, these mobile laboratories could provide outreach, 
training, and support to new or existing user groups. As user group communities are formed 
among different communities, applications, and industries, the development of guidelines for 
standardization and quality control in aquatic cryopreservation could begin to be addressed. 
Recently, 3-dimensional (3-D) printing has provided a means to fabricate low-cost 
cryopreservation devices (Hu et al. 2017, Tiersch and Monroe 2016). These devices could be 
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incorporated into such a program to facilitate community development around these devices and 
allow smaller user groups to develop cryopreservation programs. With more user groups 
following standardized or at least harmonized methods, the samples from these groups could be 
joined together for accession in a germplasm repositories. Creating a repository for imperiled 
species could help prevent loss of genetic resources (Thorpe et al. 1995) and help maintain 
genetic diversity. A germplasm repository for model organisms is vital for the advancement of 
biomedical research as these organisms could be instrumental in developing a cure for cancer or 
other diseases.  
Mobile laboratories could play a role in assisting current germplasm activities and 
evaluating future repository development. User groups are no longer limited to germplasm 
resources that can only be transported to a central cryopreservation facility. Mobile laboratories 
create the opportunity to collect higher quality germplasm, access new species, and cooperate 
directly with other user groups.    
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Appendix A. Standard Operating Procedures 
SOP-1. Hanks’ Balanced Salt Solution (HBSS): 
Materials needed: 
Latex gloves NaCl 
4-L flask KCl 
Stir plate CaCl2•2H2O 
Stir bar MgSO4•7H2O 
Spoon Na2HPO4 
Weigh boats KH2PO4 
DI water NaHCO3 
Osmometer C6H12O6 (glucose) 
Labeling tape Marker 
Balance Plastic 1-L bottles 
 
Procedure: 
For Blue Catfish and Xiphophorus prepare 300 mOsmol/kg HBSS: 
1. Combine 32 g NaCl, 1.6 g KCl, 0.64 g CaCl2•2H2O, 0.8 g MgSO4•7H2O, 0.24 g NaHPO4,    
0.24 g KH2PO4, 1.4 g NaHCO3, and 4 g glucose with ~ 3.9 L of DI water in the 4-L flask.  
2. Stir until all solutes are dissolved. 
3. Use the osmometer to verify the osmolality; adjust to 300 mOsmol/kg by adding water. 
4. Distribute the solution in 1-L bottles and label with the osmolality, operator name, and date. 
5. Store bottles in refrigerator.  
 
For Red Snapper prepare 200 mOsmol/kg HBSS calcium free: 
1. Combine 32 g NaCl, 1.6 g KCl, 0.8 g, MgSO4•7H2O, 0.24 g NaHPO4, 0.24 g KH2PO4, 1.4 g 
NaHCO3, and 4 g glucose with ~ 3.9 L of DI water in the 4-L flask.  
2. Stir until all solutes are dissolved. 
3. Use the osmometer to verify the osmolality; adjust to 200 mOsmol/kg by adding water. 
4. Distribute the solution in 1-L bottles and label with the osmolality, operator name, and date. 
5. Store bottles in refrigerator.  
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SOP-2. Fish Dissection and Sperm Extraction  
 
Materials needed: 
For Blue Catfish: 
HBSS300 (SOP1) Scalpels 
Hammer Paper towels 
Weighing boats Scale 
Dissection table Measuring tape  
Window screen 50-mL centrifuge tubes 
200-µ mesh screen  
 
For Xiphophorus: 
HBSS300 (SOP1) Dissection tools  
Dissection scope Ice 
Petri dish Calipers 
Analytical scale  5-mL microcentrifuge tubes 
Spoon Paper towels 
 
For Red Snapper: 
HBSS200-CF (SOP1) Fillet knife 
Gallon Ziploc bag Ice 
Paper towels Measuring tape 
Scale 50-mL centrifuge tubes 
 
Procedure:  
For catfish: 
1. Net fish from holding tank and transfer into processing room.  
2. Kill fish by a sharp blow to the head. 
3. Weigh fish to the nearest gram and measure the length from head to the end of the tail (total 
length) and record. 
4. Open the body cavity without damaging the intestine, and remove the testis by separating it 
from the connective tissue. 
5. Place the anterior portion of the testis in a weighing boat with HBSS300 and record testis 
weight. 
6. Crush testis between window screen to release sperm and filter into 50-mL centrifuge tube. 
 
For Xiphophorus: 
1. Place fish on ice for 1 min to anesthetize. 
2. Blot with a paper towel, measure for standard length, body weight, and gonopodium length.  
3. Remove testis from surrounding tissue and place inside a tared 5-mL microcentrifuge tube. 
containing 100 µL of HBSS300.  
4. Record weight and continue until all fish have been dissected.  
5. Crush testis to release sperm.  
6. Add HBSS300 at a volume (µL) approximately 30 times the total testis weight (mg). 
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For Red Snapper: 
1. Remove fish from ice and blot outside of fish.  
2. Record total length and weight.  
3. Carefully remove testis by separating it from connecting tissue.  
4. Place testis in Ziploc bag with HBSS300 and repeat as necessary until all fish are processed.  
5. Remove testis from Ziploc, blot with paper towels, and weigh. 
6. Cut each testis into 1 in sections and gently squeeze sperm into 50-mL centrifuge tubes.  
7. Dilute sperm at 1:3 (v:v) with HBSS200-CF.  
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SOP-3. Measuring Sperm Cell Concentration 
 
Materials needed: 
HBSS300 (SOP1) Makler® counting chamber 
HBSS200-CF (SOP1) 0.5-µL tube rack 
0.5-10 µL pipet 0.1-10 µL pipet tips 
20-200 µL pipet 2-200 µL pipet tips 
10-1000 µL pipet 100-1000 µL pipet tips 
Microscope  0.5-µL microcentrifuge tube 
Vortex mixer KimWipes 
 
Procedures: 
For blue Catfish and Red Snapper:  
1. Add 285 µL of HBSS300 (catfish) or HBSS200-CF (Red Snapper) into an empty 0.5-µL 
microcentrifuge tube. 
2. Add 15 µL of sperm suspension into the same microcentrifuge tube.  
3. Mix with vortex mixer. 
4. Place 1 µL of dilution onto Makler® counting chamber.  
5. Count the number of sperm cells in 3 random squares. 
6. Average all 3 counts and input into the equation Y=X × 10 × 20 ×16 as “X” value, “Y” is the 
calculated cell concentration. 
7. Clean Makler with KimWipe and repeat.  
 
For Xiphophorus: 
1. Mix sperm suspension with vortex and place 5 µL onto Makler® counting chamber. 
2. Count the number of sperm cells in 3 random squares. 
3. Average all 3 counts and input into the equation Y=X × 10 ×16 as “X” value, “Y” is the 
calculated cell concentration. 
4. Clean Makler with KimWipe and repeat.  
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SOP-4. Measuring Motility 
 
Materials needed: 
HBSS300 (SOP1) Makler® counting chamber 
HBSS200-CF (SOP1) 0.5-µL tube rack 
0.5-10-µL pipet 0.1-10-µL pipet tips 
20-200-µL pipet 2-200-µL pipet tips 
10-1000-µL pipet 100-1000-µL pipet tips 
Microscope  0.5-µL microcentrifuge tube 
Vortex mixer KimWipes 
 
Procedures: 
For catfish and red snapper: 
1. Add 285 µL of HBSS300 (catfish) or HBSS200-CF (Red Snapper) into an empty 0.5-µL 
microcentrifuge tube. 
2. Add 15 µL of sperm suspension into the same microcentrifuge tube.  
3. Mix using vortex mixer. 
4. Place 1 µL of dilution onto Makler® counting chamber and activate with 19 µL deionized 
water (catfish) or 35 ppt seawater (red snapper).  
5. Count the number of motile and non-motile sperm for 3 individual squares.  
6. Add together the number motile and non-motile to calculate total sperm per square. 
7. Average the number motile and total sperm.  
8. Use equation % motility = (average motile ÷ total number of sperm) × 100. 
9. Clean Makler with KimWipe and repeat.  
 
For Xiphophorus: 
1. Mix sperm suspension with vortex and place 5 µL onto Makler® counting chamber. 
2. Count the number of motile and non-motile sperm for 3 individual squares.  
3. Add together the number motile and non-motile to calculate total sperm per square. 
4. Average the number motile and total sperm.  
5. Use equation % motility = (average motile ÷ total number of sperm) × 100. 
6. Clean Makler with KimWipe and repeat.  
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SOP-5. Measurement of Membrane Integrity by Accuri™ Flow cytometry (BD 
Biosciences, San Jose, CA) using SYBER-14 and PI 
 
Materials needed: 
HBSS300 (SOP1) 0.5-µL tube rack 
HBSS200-CF (SOP1) 0.2-2-µL pipet tips 
0.2-2-µL pipet 0.5-10-µL pipet tips 
0.5-10-µL pipet 2-200-µL pipet tips 
20-200-µL pipet 100-1000-µL pipet tips 
10-1000-µL pipet Timer 
0.5-µL microcentrifuge tubes Accuri flow cytometry (BD Biosciences, San Jose, CA) 
Vortex mixer 8 and 6-peak validation beads (653144, 653145, Spherotech)  
KimWipes LIVE/DEAD Sperm Viability Kit (L7011, Molecular Probes) 
Filter mesh 20 µm  
 
Procedures: 
1. Turn on computer, flow cytometry, and software program. 
2. Load 6-peak and 8-peak beads sample to validate program. 
3. Determine the file save folder and file name. 
4. Set program at 10 µL volume, speed at slow, FSC threshold at 50,000. 
5. Add 490 µL of HBSS300 (catfish or Xiphophorus) or HBSS200-CF (red snapper) to an 
empty 0.5-µL microcentrifuge tube. 
6. Add 10 µL of sperm suspension into the same microcentrifuge tube and mix with vortex 
7. Make a cone filter with 20-µm mesh and filter 250 µL of sperm suspension into a new 
microcentrifuge tube (Use this tube for flow).  
8. Add 1.25 µL of SYBER-14 and 1.25 µL of PI into the 250-µL sample and incubate for 20 
min in the dark. 
9. Vortex and analyze sperm suspension.  
10. Shut down computer. 
 
References: 
 
BD BIOSCIENCES. BD Accuri C6 Flow cytometry Instrument Manual. Available: 
http://www.bdbiosciences.com/documents/BD_Accuri_C6Flow_Cyto_Instrument_Manual. 
pdf. 
Daly, J. and T. R. Tiersch 2012. Sources of variation in flow cytometric analysis of aquatic 
species sperm: the effect of cryoprotectants on flow cytometry scatter plots and subsequent 
population gating. Aquaculture 370: 179-188. 
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SOP-6. Measurment of Membrane Integrity by Accuri™ Flow cytometry (BD 
Biosciences, San Jose, CA) using ARD  
 
Materials needed: 
HBSS300 (SOP1) 0.5-µL tube rack 
HBSS200-CF (SOP1) 0.2-2-µL pipet tips 
0.2-2-µL pipet 0.5-10-µL pipet tips 
0.5-10-µL pipet 2-200-µL pipet tips 
20-200-µL pipet 100-1000-µL pipet tips 
10-1000-µL pipet Timer 
0.5-µL microcentrifuge tubes Accuri flow cytometry (BD Biosciences, San Jose, CA) 
Vortex mixer 8 and 6-peak validation beads (653144, 653145, Spherotech)  
KimWipes 
Filter mesh 20 µm 
LIVE/DEAD Fixable Red Dead Cell Stain Kit (L34972, 
Molecular Probes) 
Formaldehyde Centrifuge  
 
Procedures: 
1. Add 490 µL of HBSS300 (catfish or Xiphophorus) or HBSS200-CF (red Snapper) to an 
empty 0.5-µL microcentrifuge tube. 
2. Add 10 µL of sperm suspension into the same microcentrifuge tube and mix with vortex 
3. Make a cone filter with 20-µm mesh and filter 250 µL of sperm suspension into a new 
microcentrifuge tube (Use this tube for flow).  
4. Add 2.5 µL of ARD to the 250-µL sample and incubate for 20 min in the dark. 
5. Add 25 µL of formaldehyde and incubate for 15 min in the dark. 
6. Centrifuge for 15 min at 4,000 RPM.  
7. Remove 125 µL of supernate and replace with 125 µL of 1% BSA. 
8. Turn on computer, flow cytometry, and software program. 
9. Load 6-peak and 8-peak beads sample to validate program. 
10. Determine the file save folder and file name. 
11. Set program at 10 µL volume, speed at slow, FSC threshold at 50,000. 
12. Vortex and analyze sperm suspension.  
13. Shut down computer. 
 
References: 
 
Torres, L. and T. R. Tiersch 2016. Amine reactive dyes: An alternative to estimate membrane 
integrity in fish sperm cells. Aquaculture 463: 71-78. 
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SOP-7. Equilibration and Packaging Using the MRS1 (IMV Technologies, Paris, France) 
 
Materials needed: 
Timer MRS1 (IMV Technologies, Paris, France) 
Vacuum pump Straw carrier 
Injection nozzle French straws 
Straw freezing racks  
 
Procedure: 
1. Attach vacuum hose to MRS1 suction bottle.  
2. Insert suction and filling injection nozzles in appropriate slots. 
3. Load straws onto straw carrier and place on MRS1 straw carrier platform.  
4. Mix sperm suspension with respective cryoprotectant and start equilibration timer. 
5. Place suction tube into first sample, start the vacuum, start machine, and watch straws for 
proper filling and sealing. 
6. Change filling nozzle and respective straws between each sample. 
7. Place filled straws on freezing racks 
 
 
SOP-8. Freezing Using the Micro-Digitcool (IMV Technologies, Paris, France) and IceCube 
14M (SY-LAB, Neu-purkersdor, Austria) Programmable Freezer 
 
Materials needed: 
Straw freezing racks Micro-Digitcool (IMV Technologies, Paris, France) 
Computer IceCube 14M (SY-LAB, Neu-purkersdor, Austria) 
 
Procedure: 
1. Turn on computer, freezer, and liquid nitrogen tank.  
2. Open software, select respective freezing profile, and allow freezer to reach 4°C. 
3. Load freezing racks into freezer and wait for equilibration timer. 
4. When the timer beeps, start the freezing cycle. 
5. Once the chamber reaches -80°C, wait 5 min before removing samples. 
6. Allow the freezer to return to 4°C before starting another run.  
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SOP-9. Cryopreserved Straw Sorting and Storage  
 
Materials needed: 
Styrofoam box Daisy goblet with 12-compartment petals (IMV Technologies, Paris, France) 
Cryogloves Daisy goblet without 12-compartment petals 
Markers MVE Cryomoover (Chart Industries Inc., Ball Ground, GA). 
Long tweezers  
 
Procedure: 
7. Fill Styrofoam box with liquid nitrogen and submerge Daisy goblets with and without 12-
compartment petals. 
8. Remove straws from freezer and place cotton end up into Daisy goblets without 12-
compartment petals. 
9. Sort all straws into Daisy goblets with 12-compartment petals starting with the black petal 
and continuing clockwise. 
10. Record the number of straws in each compartment and total number in each Daisy goblet. 
11. Label Daisy goblet with the species + year + male number. 
12. Store Daisy goblets immediately in MVE Cryomoover. 
 
 
SOP-10. French Straw Thawing  
 
Materials needed: 
Styrofoam box Goggles 
Cryo-gloves Paper towels 
Long tweezers 0.5-µL microcentrifuge tube 
Scissors Water bath 
Timer  
 
Procedure: 
1. Turn on water bath and set dial to desired temperature. 
2. Fill Styrofoam box with liquid nitrogen and submerge the Daisy goblet with samples. 
3. Grab one French straw by the cotton end and submerge it in the water bath.  
4. After the desired thaw time, dry the French straw with a paper towel and release straw 
contents into an empty 0.5-µL microcentrifuge tube.  
5. Preform desired tests and repeat.  
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Appendix B. Mobile Laboratory Client and Site Assessment Form 
 
Type of work:       Aquaculture       Research        Biomedical       Endangered Species       Other _________ 
Species: ______________________________________________________________________________ 
Freezing Purpose: ______________________________________________________________________ 
1. Number of males available for collection? _______          Unknown 
 
2. Will eggs be fertilized with the cryopreserved material?        Yes        No       Unknown  
A. Dates of fertilization? ________________         Unknown 
B. What is the expected percent fertilization?      0%-25%       25%-50%       50%-75%       >75%          
           
3. Can the fish, testis, or sperm be shipped?       Yes       No       Unknown 
If yes, which? ____________________ 
      
4. Who will be responsible for processing the fish?       AGGRC       Facility personnel        Unknown 
 
5.    Is there space inside a building to set up laboratory equipment?      Yes       No       Unknown 
       A.    If yes, would you allow us to set up laboratory equipment inside?       Yes       No       Unknown 
6.    Is there access to power outside the building?       Yes       No 
A. If yes, would you allow us to use your facility`s power?      Yes       No  
 
7.    Is there access to a 220-volt outlet?      Inside       Outside       Neither   
 
8.    Is there access to water outside the building?      Yes      No 
       A.    If yes, would you allow us to use your facility`s water?      Yes       No  
9.    Can you order liquid nitrogen?       Yes       No       Unknown 
10.  Do you have space and equipment to store the cryopreserved material?      Yes       No      Unknown    
Any additional information: 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
 
AGGRC Mobile Laboratory Client and Site Assessment Form 
Name: ___________________________________ Title: ____________________________________ 
Address: _________________________________ Email: ___________________________________ 
City: ___________________ State/Zip: ________ Phone: __________________________________ 
               Please see the FAQ on the back to help fill out the following. 
 
    
d
f
d 
    
d
f
d 
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FAQ 
1. What is the size of the trailer? 
The trailer is roughly 17 ft long by 6 ft wide. It can be unhitched from the truck and parked in a 
single parking spot. 
 
2. What voltage outlet is needed to power the trailer? 
The trailer runs from a regular 120-volt outlet.  
  
3. Is there any equipment that needs more than the standard 120-volt outlet? 
Yes. One of our programmable freezers needs a 220-volt outlet 
 
4. When setting up inside a building, how much equipment will be off loaded? 
Generally, we travel with three equipment and supply cases, a liquid nitrogen tank, dewar, and 
programmable freezer. All items have wheels and can be easily moved around. Depending on the 
species, we might travel with our CASA (computer-assisted sperm analysis) setup and flow 
cytometer.  
 
5. Will you need regular access to the trailer when working inside a building? 
No, all equipment and supplies needed will be off loaded upon arrival the first day. 
 
6. How much liquid nitrogen is needed and how often? 
This will depend on the species and number of males collecting from. If nitrogen is needed, we 
would need at least one 230-L tank.  
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Appendix C. General Supply Checklist  
 
General checklist of items needed for cryopreservation. Depending on the specifications 
of the trip, items not needed can be crossed off.    
Item Packed (y/n) Item Packed (y/n) 
1.5-mL Microcentrifuge tubes   Flow dye and BSA   
100-1000-µL Pipette   Hanks   
10-mL Serological pipette   Ice packs   
1-10-µL Pipette   Kimwipe   
15-mL Centrifuge tubes   Lighter   
1-mL Serological pipette   LN2 tank w/ transfer hose   
1-mL Syringe   Long tweezers   
20-200-µL Pipette   Makler®   
3mL Syringe   Manual sealer   
50-mL centrifuge tubes   Markers   
5-mL Serological pipette   Microscope   
95% EtoH   MRS1    
Air Pump   MRS1 accessories   
Calipers   Paper towel   
Canes w/ goblets   Pipet-aid   
Cryo Gloves   Pipette tips (Blue)   
CryoKit   Pipette tips (Red)   
Cryoprotectant   Pipette tips (Yellow)   
Daisy goblets   Printed French straws   
Data logger w/ thermocouple   Programmable freezer   
Equilibration cooler   Shipping dewar   
Experiment gloves   Sorting cooler   
Extra straws   Table   
Filters   Tent   
Flow cytometer  Window screen   
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Appendix D. Step-by-step Guide to Loading and Unload the Mobile 
Laboratory 
Step 1: Gather equipment and supplies 
Using the “Mobile Laboratory Request Form” (Appendix C), determine the purpose of the trip 
and what species is being processed to estimate how much supplies are needed. Use an 
equipment and supplies checklist and mark off items as they are gathered together. If possible, 
pre-label French straws using a straw printer, if not, straws must be hand labeled on-site. Fill up 
liquid nitrogen freezing cylinder and top off dewars.   
 
Step 2: Packing equipment and supplies 
Pack French straws, pipettes, and other small loose supplies into Rubbermaid storage containers 
or hard storage cases. After those are packed, begin to strategically pack all equipment and 
supplies into large heavy duty transport boxes. A long heavy duty box is used to transport the 
automated straw filler. After this is pack, other supplies can be pack around it. Use an 
appropriate sized Styrofoam box with packing material to transport liquid chemicals.   
Figure D.1. Storage cases with equipment and supplies packed. 
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Step 3: Loading the trailer  
Back up trailer to where equipment and supplies will be loaded from. If the towing vehicle is 
unhitched, drop down rear trailer support stands. Throw away any trash from the previous trip 
and sweep the floor. First, load the liquid nitrogen freezing cylinder. This is positioned at the 
front left of the trailer and is secured to the floor with a ratchet strap. Next, load the microscope 
box and position it parallel with the metal shelving unit. The supply box and automatic straw 
packager box then get positioned parallel with the wooded workbench. The shipping dewar and 
generator get positioned behind the supply box and straw packager box. The tent and folding 
table get positioned along the rear left wall. Finally, the push cart and programmable freezer get 
positioned in the final space remaining. When loading, moving dollies can be used to load cases 
without wheels.  
 
 
Figure D.2. Rear view of inside the trailer with all equipment and supplies loaded.  
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Step 4: Unloading the trailer for processing 
Upon arrival to the location, determine the best location to park the trailer. If the towing vehicle 
is unhitched, drop down rear trailer support stands. Unload everything in reverse order of loading 
except the freezing cylinder. Set-up the folding table on the wall next to the wooden workbench. 
Unload the freezer, place it on the top metal shelve with the control box on the shelve below, and 
attach the hose to the liquid nitrogen freezing cylinder. Then, the microscope gets unloaded and 
placed on the wooden workbench. Supplies get unloaded and placed on the wooden workbench, 
inside the drawers, or on the metal shelve depending on how often they will get used. If using the 
automated straw packager, set it up and all associated supplies on the folding table. Keep the 
shipping dewar under the folding table for easy access when needed. If using the generator, plug 
the power chord into the generator and start it when needed.  
Figure D.3. Rear view of inside the mobile laboratory with all supplies and equipment unpacked 
and setup.  
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Appendix E. Equipment and Supply List for Cryopreservation 
This Appendix lists all the supplies and equipment (>US$1,000) used throughout the 
cryopreservation process. The unit price is the mean of one to three price quotes from different 
vendors and equipment suppliers in 2015-2016. Not all equipment and supplies are required (i.e., 
automated packaging and freezing system) for cryopreservation depending on the level of 
sophistication. Items in this list were sorted alphabetically after the HBSS ingredients and 
cryoprotectants.  
Items Price 1 Price 2 Price 3 Avg 
Ingredients for HBSS (ACS grade, 500 g each)     
   NaCl $21 $31 $22 $25 
   KCL $30 $39 $39 $36 
   CaCl₂*2H₂O $31 $31 $54 $39 
   MgSo₄*7H₂O $27 $70 $70 $56 
   Na₂HPO₄ $54 $50 $42 $49 
   KH₂PO₄ $35 $39 $35 $36 
   Na₂HCO₃ $18 $22 $18 $20 
   C₆H₁₂O₆ $26 $19 $32 $25 
Cryoprotectants (500 mL each)     
   Dimethyl sulfoxide (DMSO) $50 $36 $52 $46 
   n,n-dimethyl acetamide (DMA) $26 $21 $19 $22 
   Methanol $10 $19 $10 $13 
   Glycerol $50 $32 $40 $40 
12" Tweezers $11 $8 $8 $9 
Air pump (20" Hg) $335 $296 $255 $295 
Analytical balance (1,000 - 3,000g max, 0.01 g readability) $1,100 $942 $795 $946 
Automated French straw packager (1 straw) $40,000 $32,980 -- $36,490 
Automated French straw packager (4 straws) $60,000 $57,161 $104,161 $73,774 
Canes (100) $21 $28 $21 $23 
Case for shipping dewar $505 $461 $465 $477 
Centrifuge tubes (15 mL, case of 500) $166 $135 $135 $145 
Centrifuge tubes (50 mL, case of 500) $185 $165 $197 $182 
Controlled freezer $36,490 $47,796 $19,879 $34,722 
Cryo-gloves $170 $188 $188 $182 
Cryovials $269 $225 $169 $221 
Daisy Goblets (5) $50 $37 -- $44 
Data logger (hand-held, 5 inputs) $155 $150 $155 $153 
Exam gloves $22 $24 $23 $23 
Generator (5500 watts or more) $599 $689 $689 $659 
Goblets (200) $39 $38 $40 $39 
High capacity shipping dewar $1,430 $1,651 $1,670 $1,584 
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(table cont.) 
Items Price 1 Price 2 Price 3 Avg 
Kimwipe (60 boxes, 280 wipes per box) $188 $185 $129 $167 
Laboratory table $396 $502 $523 $474 
Liquid nitrogen freezing tank (120L) $2,793 $3,366 $3,595 $3,251 
Liquid nitrogen rental $65 -- -- $65 
Liquid nitrogen transfer hose $258 $264 $223 $248 
Low-level alarms (storage dewars, 115V) $907 $956 $935 $933 
Makler counting chamber $879 $775 $695 $783 
Manual sealer $3,000 $1,730 -- $2,365 
Microcentrifuge tubes (1.5 mL, pack of 500) $25 $14 $25 $21 
Microcentrifuge tubes (5 mL, pack of 250) $63 $77 $71 $70 
Microscope (dark field) $5,494 $4,300 $4,500 $4,765 
Moving dolly $16 $20 $20 $19 
MRS1 0.25-mL disposable needle (Box of 100) $60 -- -- $60 
MRS1 0.5-mL disposable needle (Box of 60) $50 -- -- $50 
Nalgene bottles (1L, case of 24) $196 $171 $184 $184 
Phase separator  $138 $70 $61 $90 
Pipettor (100-1,000) $290 $347 $327 $321 
Pipettor (10-100) $290 $347 $327 $321 
Pipettor (1-10) $290 $347 $327 $321 
Pipettor tips (100-1000uL, pack of 1,000) $19 $34 $24 $26 
Pipettor tips (1-10uL, pack of 1,000) $17 $18 $34 $23 
Pipettor tips (20-200uL, pack of 1,000) $17 $28 $34 $26 
Portable balance (3,000 - 4,000g max, 0.1 g readability) $375 $516 $646 $512 
Roller base for storage dewars $240 $240 $245 $242 
Safety goggles $11 $12 $13 $12 
Sealing powder (PVC) $18 $19 $21 $19 
Serological pipet (1 mL, pack of 1,000) $147 $296 $193 $212 
Serological pipet (10 mL, pack of 500) $271 $250 $160 $227 
Serological pipet (25 mL, pack of 200) $132 $238 $249 $206 
Serological pipet (5 mL, pack of 500) $166 $224 $235 $208 
Serological pipetting device 10 mL $290 $347 $327 $321 
Serological pipetting device 25 mL $30 $32 $29 $31 
Shelving unit $60 $50 $60 $57 
Shipping dewar (4.1 L, spill proof) $1,055 $975 $925 $985 
Sterile filters (.22 um) pack of 50 $169 $158 $162 $163 
Storage dewar (35 L, high capacity) $1,446 $1,625 $1,606 $1,559 
Straws (0.5 mL) $139 $199 $113 $150 
Straw printer $40,000 $46,178 $38,000 $36,490 
Supply case $64 $100 $90 $85 
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(table cont.) 
Items Price 1 Price 2 Price 3 Avg 
Syringe (1 mL, pack of 100) $57 $54 $52 $54 
Syringe (3 mL, pack of 100) $34 $27 $30 $31 
Table (6') $45 $68 $68 $60 
Tent (10' X 10') $124 $149 $100 $124 
Thermometer (digital, hand-held, -73 to 260°C)  $249 $227 $238 $238 
Trailer $3,500 $2,500 $2,800 $2,933 
Type T thermocouple (5 pack) $68 $68 -- $68 
Utility cart $194 $129 $105 $143 
Vapor pressure osmometer (0-2,000 mOsmol/kg)      $3,495 $1,950 $3,950 $3,132 
Water bath (10L, temperature to 100°C) $867 $535 $598 $666 
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Appendix F. Cooling Curves 
 
 
Figure F.1. Graph of a -10°C/min cooling curve used for Blue Catfish cryopreservation. 
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Figure F.2. Graph of a -20°C/min cooling curve used for Xiphophorus cryopreservation. 
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Figure F.3. Graph of a -40°C/min cooling curve used for Red Snapper cryopreservation. 
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